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THE 

SEMICONDUCTOR 
DATA LIBRARY 


One of the major problems facing workers in the 
electronics field is the identification and selection of 
semiconductor devices. Type numbers assigned to the 
semiconductors are of little value since they indicate 
neither device parameters nor applications. Because it 
is difficult even to identify the many thousands of 
device type numbers, let alone evaluate their merits for 
a particular application, engineers often limit their 
designs to a few well-known device types — despite 
the fact that newer or more suitable devices may be 
available. To help alleviate this problem, the Motorola 
Semiconductor Data Library has been developed. 

The Motorola Semiconductor Data Library identi- 
fies and characterizes all semiconductor devices with 

IN , 2N , and 3N — numbers registered with the 

Electronics Industries Association at the time the 
library was printed, as well as a broad line of devices 
with special in-house type numbers. (It provides 
complete data sheet specifications for a wide range of 
discrete semiconductors, and short-form specifications 
for integrated circuits.) And in addition, to simplify 
the selection of the most useful semiconductor type 
numbers, it contains carefully prepared selector guides 
with recommended devices for specific applications. 
Properly used, it can be a valuable aid for the design 
engineer, the component engineer, and the purchasing 
agent in narrowing the broad categories of potentially 
usable components to those best suited for a specific 
project. 

COMPOSITION OF THE LIBRARY 

The Semiconductor Data Library is divided into 
three volumes, organized as follows: 

REFERENCE VOLUME 

The reference volume is a self-contained com- 
pendium of semiconductor devices and integrated 
circuits information. This volume enables the user to 
locate and select devices for most any application or 
specific circuit. It also contains package and hardware 
information as well as applications information. Once 
a preliminary selection of a potentially suitable device 
has been made, consult Volumes I or 1 1 for detailed 
specifications for that particular device. 

EIA Registered Device Index — Complete numerical 
index of all EIA registered device types, with major 
electrical specifications. 

Non-Registered Device Index — Complete numerical 
index of all in-house non-registered Motorola device 
types, with major electrical specifications. 

Microcircuits Components — Unencapsulated tran- 
sistors, diodes, passive devices, and integrated circuits 
for use in hybrid circuits. (Includes processing, 
packaging, and inspection criteria.) 

Master Selection Guides — Grouping of preferred 
devices by major device categories for quick pre- 
selection of devices best suited for specific applications. 
Includes semiconductor devices and I Cs. 

Military Device Listing — A complete list of Motorola 
devices that comply with Military Specifications. 
Hardware and Packaging Information — Device mount- 
ing hardware, heat sinks and special device packaging. 


Dimensioned Device Outlines — Dimensioneddrawings 
of package outlines with JED EC and Motorola cross 
reference. (Includes leadform drawings on specific 
packages.) 

Application Note Catalog — Selection guide listing 
application note by application category. Also a brief 
summary of the available application note contents and 
how to order application notes. 

To meet the requirements of a practical up-to-date 
reference, the Reference Volume of the Semiconductor 
Library will be completely updated and published twice 
a year, with supplementary publications quarterly. 


VOLUME I 

This volume contains complete data sheets for 
Motorola-manufactured devices with E lA-registered 
type numbers up to 1 N4999 and 2N4999. Data sheets 
are in numerical sequence according to device type 
number except for those data sheets that cover several 
devices with differing type numbers. A numerical 
index in front of the book permits the user to quickly 
locate the page number of the data sheet for any device 
characterized in the book. 

Since most of the device type numbers in the 
"below 5000" category have already been utilized by 
existing product, it is expected that this book will 
require little updating in the next few years. Accord- 
ingly, this volume will be reprinted only as required by 
the demand, and modifications will be made only when 
reprinting is required. 

VOLUME II 

This volume contains data sheets for all Motorola- 
manufactured, EIA registered devices with type num- 
bers 1N5000 and 2N5000 and up, as well as those 
with 3N- - - type numbers. I n addition, al I active data 
sheets for devices with special Motorola type numbers 
(not registered with EIA) are included. 

Because this book contains the detailed data for 
all the most recently developed semiconductors, it will 
be updated through the publication of supplements. 
Two supplements will be published during the life of 
this edition. 


How to Use The Semiconductor Data Library 

The library is designed to serve several specific 
functions; 

1. To permit quick identification (together with 
major specifications) of EIA registered semicon- 
ductor devices with units with special Motorola 
type numbers. 

2. To permit quick selection of the most suitable 
devices for a specific circuit application. 

3. To permit quick selection of the devices that 
best meet a given set of electrical specifications. 

4. To provide complete characterization of a broad 
line of components, encompassing most semi- 
conductor categories, for a detailed comparison 
of device types. 
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The following examples illustrate several ways of 
using this library. 

Problem: Device Identification 
Known: Device Type Number 

Information Needed: Device function, applications, 
major specifications. 

Procedure: Consult the Master Index of the Reference 
Volume and locate the type number of the device in 
question in the alpha-numeric listing of the master 
index. The information given in this index lists not only 
the type of device it is, but also provides the major 
electrical specifications for the device. In addition, it 
indicates whether or not the device is manufactured by 
Motorola and, if not, whether Motorola can supply an 
electrically suitable equivalent. Complete data for 
Motorola manufactured devices can then be obtained, 
if required, from the other two volumes of your Semi- 
conductor Data Library. 

Problem: Device Preselection 


Known: a) Intended circuit application for a par- 
ticular device 

b) Approximate electrical specifications of 
a desired device. 

Information Needed: a) What devices are available 
for a specific circuit function? 

b) What device types will best 
match a required set of electrical characteristics? 

Procedure: Consult the Master Selection Guide sec- 

tion of the Reference Volume. This section contains 
product categories, i.e., power transistors, zener diodes, 
etc., and by specific market segments, including com- 
munications, consumer and military. An index to the 
individual selector guides is given at the beginning of 
the section for quick access to the pertinent guides. 
Complete data for Motorola manufactured devices can 
then be obtained, if required, from the other two 
volumes of your Semiconductor Data Library. 


CATALOGUE DE SEMICONDUCTEURS 


Identifier et ensuite choisir les dispositifs semicon- 
ducteurs constituent I'un des grands problemes que 
rencontrent ceux qui travaillent dans le domaine de 
l electronique. Les differents dispositifs sont designes 
par des chiffres ne donnant aucune indication sur leurs 
parametres et sur leurs applications. La d iff iculte' pour 
les techniciens et ingenieurs d'identifier plusieurs milliers 
de dispositifs les amenent a utiliser, lors de la concep- 
tion de circuits, des dispositifs bien connus alors que 
d'autres dispositifs mieux adaptes sont disponibles. Afin 
de pallier cet inconvenient. Motorola a done institue 
ce catalogue de semiconducteurs. 

Le Catalogue de Semiconducteurs de Motorola iden- 
tify et caracterise les dispositifs semiconducteurs en- 
registres aupres de I'Association des Industries Elec- 
troniques (EIA) par les symboles IN—, 2N— , et 3N— 
ainsi que les dispositifs propres a Motorola avec des 
numerosspeciaux. (Ce catalogue contient les specifica- 
tions completes pour tous les semiconducteurs discrets, 
et des specifications abregees pour les circuits integres.) 
De plus, afin de simplifier le choix des dispositifs les 
plus utiles, il contient egalement un "guide” mettant 
en evidence les dispositifs destines a des applications 
bien specifiques. Son utilisation adequate peut done 
etre un outil de travail tres utile pour I'ingenieur de 
circuit, I'ingenieur de composants, et I'acheteur en leur 
permettant de limiter le nombre de composants pos- 
sible convenent le mieux pour un projet bien deter- 
mine. 


INDEX DU CATALOGUE 

Le Catalogue de Semiconducteurs comprend trois 
volumes: 

VOLUME DE REFERENCE 

Le volume de reference resume les renseignements 
sur les dispositifs semiconducteurs et circuits integres. 
Ce volume permet done a I'utilisateur de determiner 
et de choisir les dispositifs pour la majorite des appli- 
cations; il contient egalement des renseignements sur 
les boitiers et sur les systemes de montage. Une fois 
le choix du dispositif effectue, il suffit de consulter 
les Volumes I et II pour obtenir toutes les donnees 
concernant ce dispositif. 

Index des Dispositifs Homologues par EIA 

Cet index fournit egalement les donnees electriques 
principales. 

Index des Dispositifs Non-Homologues 

Cet index fournit une liste complete des dispositifs 
Motorola non-homologues, avec leurs donnees elec- 
triques principales. 

Composants Micro-circuits 

/ / / 

Transistors et diodes non-encapsules, elements pas- 
sifs et circuits integres pour utilisation en circuits hy- 
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brides (y compris processus, mise en boitier et criteres 
d'inspection.) 

Guide 

Les dispositifs les plus utilises y sont groupes par 
categories principales. pour un choix rapide des com- 
posants les mieux adaptes'a certaines applications (y 
compris dispositifs discrets et circuits integres.) 

Liste des Dispositifs Militaires 

Cette liste fournit tous les dispositifs Motorola homo- 
logues par les Specifications Militaires. 

Boitiers et Modes de Montage 

Fournit les modes de montage, les radiateurset les 
boitiers speciaux. 

Dimension des Boitiers 

Dessin et dimension des boitiers homologues par 
JEDEC et Motorola (y compris les dessins pour former 
les tiges.) 

Catalogue de Notes d'Applications 

Fournit une liste complete des notes duplications 
groupees par categories, egalement un resume des notes 
d'applications disponibles et la marche a suivre pour 
les obtenir. 

II est evident qu'afin de garder ce catalogue a jour, 
le Volume de Reference sera completement revise et 
publie' deux fois par an, avec des additions supplemen- 
taires publiees tous les trimestres. 

VOLUME I 

Ce volume est constitue par les specifications pour 
les composants faits par Motorola avec les numeros 
homologues par EIA jusqu'a 1N4999 et 2N4999. Ces 
specifications sont classees par ordre numerique sauf 
les specifications qui se rapportent a plusieurs types 
de dispositifs. Un index numerique en premiere page 
permet a I'u til isateu r de determiner rapidemente le nume- 
ro de la page pour chaque disposit if decrit dans ce 
catalogue. 

II est probable que les dispositifs portant un numero 
en-dessous de 5000 ne'cessiteront peu de mise a jour 
puisque tous ces numeros sont deja utilises. En con- 
sequence, ce volume ne sera reimprime que sur demande 
et les modifications apparaitront uniquement lors de 
cette nouvelle edition. 

VOLUME II 

Ce volume est constitue par toutes les specifications 
pour les dispositifs faits par Motorola, homologues par 
EIA avec numeros IN 5000, 2N5000, etc. ainsi que 
ceux avec les numeros 3N— . De plus, les specifications 
de dispositifs avec numeros speciaux de Motorola (non 
homologues par EIA) y sont incluses. 

Ce catalogue sera mis a jour a I'aide d'editions 


supplementaires, car il contient toutes les donnees de- 
tainees des dispositifs semiconducteurs les plus recents. 
Deux supplements seront publies pendant la duree de 
vie de cette edition. 

Methode d'Utilisation du Catalogue de 
Semiconducteurs 

Ce catalogue a pour but: 

1. D'identifier rapidement, grace aux specifications 
principales, si le dispositif est homologue par EIA 
ou s'il s'agit d'un type special Motorola. 

2. De selectionner rapidement le dispositif le mieux 
adapte a un circuit. 

3. De selectionner rapidement un dispositif en fonc- 
tion des specifications electriques. 

4. De fournir les donnees completes de tout I'ensem- 
ble des composants Motorola — done la majorite 
des dispositifs semiconducteurs - afin de pouvoir 
comparer tous les types de dispositifs. . 

Exemples de methodes d'utilisation; 

Question: Identifier le dispositif 

Donnee: Type de dispositif 

Renseignements Requis: Fonction du dispositif, ap- 
plications et specifications 
principales. 

Methode: Consulter I'lndex du Volume de Reference 
et determiner le numero du dispositif en question parmi 
la liste numerique de I'index. Ce renseignement ainsi 
obtenu indique non seulement le type de dispositif 
mais egalement fournit les specifications electriques 
principales de ce dispositif. De plus, le fabricant y 
sera precise et le catalogue indiquera si Motorola peut 
fournir les dispositifs equivalents. Les deux autres 
volumes de ce catalogue vont maintenant fournir toutes 
les donnees sur les dispositifs faits par Motorola. 

Question: Choix du Disposilif 

Donnees: 

a) Application probable du circuit pour un dispositif 
connu. 

b) Specifications^electriques approximates du disposi- 
tif en question. 

Renseignements Requis: 

a) Quels sont les dispositifs disponibles pour la fonc- 
tion precise de ce circuit? 

b) Quel type de dispositif va repondre a des caracte- 
ristiques electriques predetermines? 

Methode: Consulter le Guide dans le Volume de 

Reference qui est categorise par produits, e'est-a-dire 
transistors de puissance, diodes zener, etc., et par mar- 
ches, y compris communications, grand public, et mil i- 
taire. Ces differentes categories apparaissent en premiere 
page pour faciliter la selection du Guide. Nous pouvons 
maintenant obtenir toutes les donnees sur les disposi- 
tifs faits par Motorola en utilisant les deux autres volu- 
mes du Catalogue de Semiconducteurs. 
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DIE HALBLEITER DATENBIBLIOTHEK 


Eines der Hauptprobleme fur Fachleute in der Elek- 
tronik-l ndustrie besteht in der Bestimmung und Selek- 
tion von Halbleitertypen. Die meisten Typenbezeich- 
nungen geben wenig Oder keine Auskunft iiber Para- 
meter oder Anwendungen von speziellen Halbleitern. 
Viele tausend verschiedene Halbleitertypen sind heute 
erhaltlich. Es ist fast unmoglich, auch nur einen 
geringen Prozentsatz aller Typen genau zu kenneri. 
Somit bringen die meisten Ingenieure und Techniker 
nur die bekanntesten und gebrauchlichsten Halbleiter- 
typen zur Anwendung, auch wenn neuere und bessere 
Elemente zur Verfugung stehen. 

Um diesem Problem Abhilfe zu schaffen hat Motorola 
die meisten Halbleitertypen in eine Halbleitersammlung 
zusammengefasst. Diese Halbleitersammlung umfasst 
alle IN, 2N und 3N Typen, die durch die "Electronics 
Industries Association" registriert sind. Weiterhin sind 
eine grosse Anzahl von Motorola In-Haus Typen in dieser 
Sammlung zusammengefasst. Vollstandige Spezifika- 
tionen einer grossen Anzahl von diskreten Halbleitern 
und Kurzspezifikationen von integrierten Schaltkreisen 
sind vorhanden. 

Zusatzlich sind, zur Vereinfachung der Aufsuche der 
meist gebrauchten Halbleitertypennummern, Nachschla- 
getabellen mit Vorzugstypen f Li r bestimmte Anwen- 
dungen in der Sammlung enthalten. 

Die Halbleitersammlung kann dem Entwicklungs und 
Komponent-I ngenieur sowie dem Einkaufervon Halb- 
leitern gute Dienste leisten im Aufsuchen der best 
moglichen Elemente fur eine bestimmte Anwendung. 

ZUSAMMENSETZUNG DER 

HALBLEITERSAMMLUNG 

Die Halbleitersammlung besteht aus drei Teilen, die 
folgendermassen zusammengefasst sind: 

REFERENZ BAND 

Der Referenz-Band besteht aus einer ubersichtlichen 
Zusammenfassung von Halbleitern und integrierten 
Schaltungen. Mit Hilfe dieses Referenzbandes lassen 
sich Halbleiter und integrierte Schaltungen f Li r spezielle 
Anwendungszwecke leicht auffinden. Gehause-, An- 
wendungs- und Montagezubehorinformation sind eben- 
so im Referenzband angegeben. Nach der Wahl eines 
Halbleiters Oder einer integrierten Schaltung aus dem 
Referenzband kann Band I oder Band II fur die speziel- 
len Daten zur Hilfe gezogen werden. 

EIA Registriertes Halbleiter-Verzeichnis 

Vollstandiges numerisches Verzeichnis aller EIA regi- 
strierter Halbleiter Typen, mit den hauptsachlichen elek- 
trischen Spezifikationen. 

Nicht Registriertes Halbleiter-Verzeichnis 

Vollstandiges numerisches Verzeichnis aller nicht regi- 
strierter In-Haus Motorola Halbleiter Typen, mit den 
hauptsachlichen elektrischen Spezifikationen. 

Mikroschaltkreis- Komponenten 

Nicht eingekapselte Transistoren, Dioden, passive Ele- 
mente und integrierte Schaltkreise fur den Gebrauch in 


hybriden Kreisen. (Prozess-, Einkapselung- und In- 
spektions-Kriterien sind inbegriffen.) 

Hauptnachschlagewerk 

Zusammenfassung in Gruppen der bevorzugten Haupt- 
elementkategorien fur schnelle Vorselektion der Elemen- 
te die am besten fur gegebene Anwendungen in Frage 
kommen. Dieses Dokument enhalt Halbleiterelemente 
und integrierte Kreise. 

Mil itarelementen- Liste 

Dies ist eine vollstandige Liste von Motorola Bausteinen 
die Militarspezifikationen erfullen. 

Montagezubehor und Einkapselung Information 

Bauelement-Montagezubehor, Kuhlelemente und Spe- 
zial-Elementeneinkapselung. 

Vermasste Elementen-Grundrisse 

Vermasste Zeichnungen von Gehausegrundrissen mit 
JEDEC und Motorola GegenLiberstellung. (Zeichnungen 
der Anschlussformen von gegebenen Gehausen sind 
inbegriffen.) 

Awendungsbericht-Katalog 

Nachschlagliste der Anwendungsberichte welche in An- 
wendungskategorien zusammengefasst sind. Eine kurze 
Zusammenfassung des Inhalts der verfugbaren Berichte 
ist gegeben und ebenfalls wie sie bestel It werden konnen. 

Um den Anforderungen eines praktischen, auf den letz- 
ten Stand gebrachten Nachschlagewerkes zu genugen 
wird der Referenz-Band der Halbleiterbibliothek zwei- 
mal im Jahr vollstandig iiberarbeitet und publiziert. 
Zusatzliche Veroffentlichungen werden vierteljahrlich 
herausgegeben. 

BAND I 

Dieser Band enthalt vollstandige Datenblatter der von 
Motorola fabrizierten Elemente mit EIA registrierten 
Nummern bis zu 1N4999 und 2N4999. Die Daten- 
blatter sind in numerischer Ordnung gemass der Bauele- 
mente-Typennummer eingereiht. Ausnahme sind solche 
Datenblatter welche spezielle Elemente mit wechselnden 
Typennummern behandeln. Ein numerisches Verzeich- 
nis am anfang des Bandes erlaubt dem Benijtzer ein 
schnelles Auffinden der Datenblatter fur alle Elemente, 
die im Buch aufgefiihrt sind. 

Weil die meisten Elemente-Typennummern in der Kate- 
gorie bis 5000 schon von bestehenden Produkten auf- 
gebraucht wurden, ist erwartet, dass dieser Band in 
den nachsten Jahren wenig Ueberarbeitung verlangt. 
Dementsprechend wird dieses Buch nur neu gedruckt 
wenn die Nachfrage es verlangt und Modifikationen 
werden nur bei einer Neuauflage vorgenommen. 

BAND II 

Dieser Band enthalt Datenblatter der von Motorola 
hergestellten EIA registrierten Elemente mit der Typen- 
nummer 1N5000 und 2N5000 und aufwarts und eben- 
falls solche mit den 3N- - Typennummern. Alle aktiven 
Datenblatter fur Elemente mit speziellen Motorola 
Typennummern (nicht EIA registriert) sind zusatzlich 
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hier einbezogen. 

Weil dieser Band die detaillierten Daten fiir alle der 
erst kiirzlich entwickelten Halbleiter enthalt, wird er 
durch Publikationen von Zusatzbuchern auf den letzten 
Stand gebracht. Zwei Zusatzbucher werden wahrend 
der"Lebensdauer"dieser Ausgabe veroffentlicht werden. 

Wie wird "Die Halbleiter Datenbibliothek" gebraucht 

Die Bibliothek ist zusammengestellt worden um mehrere 
spezielle Funktionen zu erfCillen: 

1. Erlaubt schnelle Bestimmung (zusammen mit Haupt- 
spezifikationen) von EIA registrierten Halbleitern 
und Bausteinen mit speziellen Motorola Typennum- 
mern. 

2. Erlaubt schnelle Selektion der best geeignetsten 
Elemente fur eine bestimmte Schaltungsanwendung. 

3. Erlaubt schnelle Selektion von Elementen welche 
am besten gegebene elektrische Spezifikationen er- 
fullen. 

4. Liefert vollstandige Charakterisation einer breiten 
Komponentenlinie, welche die meisten Halbleiter- 
Kategorien einschliesst. Erlaubt einen detaillierten 
Vergleich der Elementtypen. 

Die nachfolgenden Beispiele veranschaulichen mehrere 
Wege um diese Bibliothek zu gebrauchen. 

Problem: Elementen-Bestimmung 

Bekannt: Elemente-Typennummer 

Benotigte Information: Elementefunktion, 

Anwendung, Haupt- 
spezifikationen 

Vorgang: Im Hauptverzeichnis des Referenzbandes 

sind die Typennummern des zu untersuchenden Ele- 
mentes in der alphanumerischen Liste aufgefuhrt. Die 


Information, die in diesem Verzeichnis gegeben ist, 
besteht nicht nur aus dem Elemententyp sondern auch 
die elektrischen Hauptspezifikationen sind gegeben. 
Zusatzlich ist angegeben ob das Element von Motorola 
hergestellt wird und, im Fall dass dies verneint wird, ob 
Motorola ein elektrisch vergleichbares Bauelement lie- 
fern kann. Wenn benotigt, konnen die vollstandigen 
Daten der von Motorola hergestellten Halbleiter von 
den zwei anderen Banden der Halbleiter Bibliothek 
erhalten werden. 

Problem: Elementen-Vorbestimmung 

Bekannt: 

a) Vorgesehene Schaltkreisanwendung fur ein bestimm- 
tes Element. 

b) Ungefahre elektrische Spezifikationen eines ge- 
wunschten Typs. 

Benotigte Information: 

a) Welche Elemente sind fur eine bestimmte Kreis- 
funktion verfugbar? 

b) Welche Elementtypen erf Li lien am besten die erfor- 
derlichen elektrischen Charakteristiken ? 


Vorgang: Das Hauptnachschlagwerk des Referenz- 

bandes wird aufgeschlagen. Dieses Kapitel enthalt 
Produktkategorien, z.B. Leistungstransistoren, Zener- 
dioden etc. eingereiht in bestimmte Marktsegmente, ein- 
schliesslich Fernmeldewesen, Verbraucherindustrie und 
Militarbereich. Ein "Index" zu den einzelnen "Auswahl- 
Fuhrern" ist am anfang dieses Kapitels gegeben, was 
zum schnellen Auffinden der zutreffenden "Fiihrer" 
hilft. Vollstandige Daten der von Motorola hergestell- 
ten Elemente konnen, wenn benotigt, von den zwei 
anderen Banden entnommen werden. 
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2N1705 

2-209 

2N1 189 

2-176 


2N1706 

2-209 

2N1 190 

2-176 


2N1707 

2-209 

2N1 191 

2-178 


2N1708 

2-211 

2N1 192 

J 



2N171 1 

2-77 

2N1 193 


f 


2N1724 

2-213 

2N1194 

2-178 


2N1725 

2-213 

2N1195 

2-164 


2N1742 

2-41 

2N 1 204, A 

2-180 


2N1751 

2-216 

2N 1 358, A 

2-3 


2N1842 

2-218 

2N1359 

2-2 

12 


2N1842A 

2-221 

2N1360 




2N1843 

2-218 

2N1362 




2N1843A 

2-221 

2N1363 




2N1844 

2-218 

2N1364 


f 


2N1844A 

2 221 

2N1365 

2 22 


2N1845 

2-218 

2N1408 

2-185 


2N1845A 

2-221 

2N 1412, A 

2-186 


2N1846 

2 218 

2N1413 

2-189 

1 

2N1846A 

2 221 

2N1414 

2-189 


2N1847 

2-218 

2N1415 

2-189 

! 

2N1847A 

2-221 

2N1420 

2-77 


2N1848 

2 218 

2N 1 494, A 

2-180 


2N1848A 

2-221 

2N1495 

2-180 


2N1849 

2-218 

2N1496 

2-180 


2N1849A 

2-221 

2N 1 529, A 

2-191 


2N1850 

2-218 

2N 1 530, A 


' 

1 

2N1850A 

2-221 

2N 1 531 ,A 




2N1893 

2-224 

2N 1 532, A 




2N1924 

2-226 

2N1533 




2N1925 

2-226 

2N 1 534, A 



! 

2N1926 

2-226 

2N 1 535, A 




2N1959 

2-228 

2N 1 536, A 




2N1970 

2-230 

2N 1 537, A 

y 

f 


2N1980 


L ' 

2N1538 

2-191 


2N1981 

1 

1 

2N 1 539, A 

2-195 


2 N 1 98 2 

2-230 

2N 1 540, A 




2N1983 

2-231 

2N 1 541 , A 




2N1984 

2-231 

2N 1 542, A 




2N1990 

2-233 

2N1543 




2N1991 

2-161 

2N 1 544, A 




2N2042 

2-234 

2N 1 545, A 




2N2043 

2-234 

2N 1 546, A 




2N2060,A 

2-236 

2N 1 547, A 




2N2075,A 

2-239 

2N1548 

2-195 


2N2076,A 



2N 1 549, A 

2-198 


2N2077,A 



2N 1 550,A 




2N2078,A 



2N1551,A 




2N2079,A 



2N 1 552, A 




2N2080,A 



2N 1 553, A 

1 

f 


2N208 1 ,A 

’ 

f 

2N 1 554, A 

2-198 


2N2082,A 

2-239 
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2N2096 

2-180 

2N2097 



2N2099 


r 

2N2100 

2-180 

2N2 1 37,A 

2-243 

2N2 138,A 



2N2139,A 



2N2 140,A 



2N2141 ,A 



2N2142,A 



2N2143,A 



2N2144,A 



2N2145,A 

y 


2N2 146,A 

2-243 

2N2152 

2-247 

2N2153 



2N2154 



2N2156 



2N2157 

\ 

1 

2N2158 

2-247 

2N2171 

2-27 

2N2 192,A,B 

2-251 

2N2 193,A,B 

J 


2N2194,A,B 

1 

' 

2N2 195,A,B 

2-251 

2N2212 

2-253 

2N2218,A 

2 255 

2N2219,A 

J 


2N222 1 ,A 


i 

2N2222,A 

2 255 

2N2223,A 

2 236 

2N2224 

2-262 

2N2242 

2-264 

2N2256 

2-266 

2N2257 

J 


2N2258 



2N2259 

2-266 

2N2273 

2-269 

2N2285 

2-207 

2N2286 

2-207 

2N2287 

2-207 

2N2288 

2-273 

2N2289 

2-273 

2N2290 

2-273 

2N2291 

2-275 

2N2292 

2-275 

2N2293 

2-275 

2N2303 

2-85 

2N2322 

2-277 

2N2323 



2N2324 



2N2325 

' 

f 

2N2326 

2-277 

2N2330 

2-279 

2N2331 

2-279 

2N2357 

2-282 

2N2358 

2-282 

2N2359 

2-282 

2N2368 

2-284 

2N2369 

2-286 

2N2369A 

2-290 

2N2381 

2-292 

2N2382 

2-292 

2N2405 

2-224 

2N2410 

2-296 

2N2415 

2-298 

2N2416 

2-298 

2N2453,A 

2-300 

2N2476 

2-302 

2N2477 

2-302 


xii 
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2N2480,A 

2-236 

2N2481 

2-304 

2N2490 

2-308 

2N2491 



2N2492 

1 


2N2493 

2-308 

2N2501 

2 309 

2N2526 

2-312 

2N2527 

2-312 

2N2528 

2-312 

2N2537 

2-315 

2N2538 



2N2539 



2N2540 



2N2552 



2N2553 



2N2554 

1 

f 

2N2555 

2-153 

2N2556 



2N2557 



2N2558 



2N2559 

2-153 

2N2560 

2-155 

2N2561 



2N2562 



2N2563 



2N2564 



2N2565 



2N2566 


! 

2N2567 

2-155 

2N2573 

2-317 

2N2574 



2N2575 



2N2576 



2N2577 



2N2578 

1 

f 

2N2579 

2-317 

2N2635 

2-320 

2N2639 

2-322 

2N2640 



2N2641 



2N2642 



2N2643 


f 

2N2644 

2-322 

2N2646 

2-324 

2N2647 

2-324 

2N2652,A 

2-326 

2N2696 

2-328 

2N2710 

2-330 

2N2720 

2-332 

2N2721 

2-332 

2N2722 

2-334 

2N2723 

2-336 

2N2724 

2-336 

2N2725 

2-336 

2N2728 

2-338 

2N2785 

2-340 

2N2800 

2-342 

2N2801 

2-342 

2N2832 

2-344 

2N2833 

2-344 

2N2834 

2-344 

2N2837 

2-242 

2N2838 

2-242 

2N2845 

2-350 

2N2846 

2-350 

2N2847 

2-350 

2 N 2848 

2-350 

2N2857 

2-352 

2N2894 

2-358 
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2N2895 

2-360 

2N3896 

2-360 

2N3897 

2-360 

2N2903,A 

2-362 

2N2904,A 

2-364 

2N2905,A 



2N2906,A 

1 


2N2907,A 

2-364 

2N2912 

2-370 

2N2913 

2 372 

2N2914 



2N2915 



2N2916 



2N2917 



2N2918 



2N2919 

1 

f 

2N2920 

2-372 

2N2927 

2 328 

2N2929 

2-374 

2N2944 

2-376 

2N2945 

2-376 

2N2946 

2-376 

2N2947 

2-377 

2N2948 

2-377 

2N2949 

2-380 

2N2950 

2-380 

2N2951 

2-382 

2N2952 

2-382 

2N2955 

2-385 

2N2956 

2-385 

2N2957 

2-385 

2N2958 

2-391 

2N2959 

2-391 

2N2972 

2-372 

2N2973 



2N2974 



2N2975 



2N2976 



2N2977 



2N2978 

1 

f 

2N2979 

2-C 

M2 

2N3009 

2-393 

2N3010 

2-395 

2N301 1 

2-397 

2N3012 

2-399 

2N3013 

2-393 

2N3014 

2-393 

2N3015 

2-401 

2N3019 

2-403 

2N3020 

2-403 

2N3021 

2-405 

2N3022 



2N3023 



2N3024 



2N3025 


y 

2N3026 

2 405 

2N3043 

2-410 

2N3044 



2N3045 



2N3046 



2N3047 

1 

f 

2N3048 

2-410 

2N3053 

2-412 

2N3054A 

2-413 

2N3055 

2-417 

2N3072 

2-421 

2N3074 

2-421 

2N3081 

2-423 

2N3114 

2-425 

2N3115 

2-391 


DEVICE 

PAGE 

2N31 16 

2-391 

2N3120 

2-427 

2N3121 

2-427 

2N3127 

2-429 

2N3133 

2-433 

2N3134 



2N3135 



2N3136 

2-433 

2N3137 

2-435 

2 N 3209 

2-437 

2N3210 

2-439 

2N3211 

4-441 

2N3227 

2-286 

2N3232 

2-443 

2N3235 

2-443 

2N3244 

2-445 

2N3245 

2-445 

2 N 3248 

2-449 

2N3249 

2-449 

2N3250,A 

2-453 

2N3251 ,A 

2-453 

2N3252 

2-459 

2N3253 

2-459 

2N3279 

2-464 

2N3280 

2-464 

2N3281 

2-464 

2N3282 

2-464 

2N3283 

2-466 

2N3284 



2N3285 

1 


2N3286 

2-466 

2N3287 

2-469 

2N3288 

J 


2N3289 

\ 


2N3290 

2-469 

2N3291 

2-471 

2N3292 

J 


2N3293 

\ 


2N3294 

2-471 

2N3295 

2-473 

2N3296 

2-476 

2N3297 

2-479 

2N3298 

2-482 

2N3299 

2-484 

2N3300 



2N3301 

\ 

y 

2N3302 

2-484 

2N3303 

2-486 

2 N 3304 

2 488 

2N3307 

2-490 

2 N 3308 

2-490 

2N331 1 

2-492 

2N3312 



2N3313 



2N3314 



2N3315 

1 


2N3316 

2 492 

2 N 332 3 

2-495 

2N3324 

2-495 

2N3325 

2-495 

2N3330 

2-498 

2N3375 

2-500 

2N3425 

2-504 

2 N 342 7 

2-506 

2 N 3428 

2-506 

2 N 3439 

2-509 

2 N 3440 

2-509 

2 N 3444 

2-459 

2 N 3445 

2-513 

2 N 3446 

2-513 
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2 N 3447 

2-513 

2 N 3448 

2-513 

2N3467 

2-517 

2 N 3468 

2-517 

2N 3485,A 

2-364 

2N 3486,A 

2-364 

2N 3487 

2-520 

2N 3488 



2N3489 



2N3490 



2N3491 


r 

2N3492 

2-520 

2N3494 

2-523 

2 N 3495 

2 523 

2N3496 

2-523 

2N3497 

2 523 

2 N 3498 

2-524 

2N3499 

J 


2N3500 

1 

f 

2N3501 

2-524 

2N3506 

2-531 

2N3507 

2-531 

2N3508 

2-533 

2N3509 

2-533 

2N3510 

2-536 

2N3511 

2-536 

2N3544 

2-539 

2N3546 

2-541 

2N3553 

2-500 

2N3611 

2-545 

2N3612 



2N3613 


1 

2N3614 

2-545 

2N3615 

2-548 

2N3616 



2N3617 

1 

1 

2N3618 

2-548 

2N3632 

2-500 

2N3634 

2-552 

2N3635 

I 


2N3636 



2N3637 

2-552 

2N3647 

2-536 

2 N 3648 

2-536 

2N3712 

2-558 

2N3713 

2-560 

2N3714 

J 


2N3715 

i 

f 

2N3716 

2-560 

2N3719 

2-564 

2N3720 

2-564 

2N3726 

2-568 

2N3727 

2-568 

2N3733 

2-570 

2N3734 

2-572 

2N3735 

J 

L 

2N3736 

1 


2N3737 

2 572 

2N3738 

2-578 

2N3739 

2-578 

2N3740.A 

2-582 

2N3741,A 

2-582 

2N3742 

2-587 

2N3743 

2-591 

2N3762 

2-595 

2N3763 

J 

L ’ 

2N3764 



2N3765 

2-595 

2N3766 

2-601 

2N3767 

2-601 
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2N3771 

2-606 

2N3772 

2-606 

2N3783 

2-609 

2N3784 

2-609 

2N3785 

2-609 

2N3789 

2-614 

2N3790 

2-614 

2N3791 

2-614 

2N3792 

2-614 

2N3796 

2-619 

2N3797 

2-619 

2N3798,A 

2-623 

2N3799,A 

2-623 

2N3800 

2-627 

2 N 3801 



2 N 3802 



2N3803 



2N3804 



2N3804A 



2 N 3805 



2N3805A 



2N3806 



2N3807 



2 N 3808 



2 N 3809 



2 N 38 1 0 



2N3810A 



2N381 1 



2N381 1 A 



2N3812 



2 N 38 1 3 



2N3814 



2N3815 



2N3816 



2N3816A 



2N3817 



2N3817A 

2-627 

2N3818 

2-631 

2N3821 

2-634 

2N3822 

2-634 

2N3823 

2-636 

2N3824 

2-634 

2N3838 

2-638 

2N3839 

2-352 

2N3866,A 

2-640 

2N3870 

2-645 

2N3871 



2N3872 


, 

r 

2N3873 

2-645 

2N3883 

2-647 

2N3896 

2-645 

2N3897 


L 

2N3898 

1 

f 

2N3899 

2-645 

2N3902 

2-651 

2N3903 

2-655 

2N3904 

2-655 

2N3905 

2-660 

2N3906 

2-660 

2N3909,A 

2-665 

2N3924 

2-667 

2N3925 



2N3926 


r 

2N3927 

2-667 

2N3946 

2-673 

2N3947 

2-673 

2 N 3948 

2-679 

2N3950 

2-683 

2N3959 

2-687 

2N3960 

2-687 
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2N3961 

2-500 

2N3970 

2-691 

2N3971 

2-691 

2N3972 

2-691 

2 N 3980 

2-693 

2N3993 

2-695 

2 N 3994 

2-695 

2N3994A 

2 695 

2N4012 

2-697 

2N4015 

2-699 

2N4016 

2-699 

2 N 4048 

2-701 

2 N 4049 



2N4050 



2N4051 



2N4052 

} 


2N4053 

2 701 

2N4066 

2-705 

2N4067 

2-705 

2N4072 

2-707 

2N4073 

2-707 

2N4091 

2-709 

2N4092 

2-709 

2N4093 

2-709 

2N4123 

2-711 

2N4124 

2-7 1 1 

2N4125 

2-7 1 5 

2N4126 

2-715 

2N4130 

2-719 

2N4151 

2-721 

2N4152 



2N4153 



2N4154 



2N4155 



2N4156 



2N4157 



2N4158 



2N4159 



2N4160 



2N4161 



2N4162 



2N4163 



2N4164 



2N4165 



2N4166 



2N4167 



2N4168 



2N4169 



2N4170 



2N4171 



2N4172 



2N4173 



2 N 4 1 7 4 



2N4175 



2N4176 



2N4177 



2N4178 



2N4179 



2N4180 



2N4181 



2N4182 



2N4183 



2N4184 



2N4185 



2N4186 



2N4187 



2N4188 



2N4189 



2N4190 


r 

2N4191 

2-721 
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2N4890 

2-838 

2 N 4898 

2-840 
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2N4900 
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2N4901 
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2N4902 
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2N4903 
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2N4904 
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2N4905 
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2N4906 
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2N4910 

2-852 

2N491 1 

2-852 

2 N 491 2 
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2N4913 

2 856 

2N4914 

2-856 

2N4915 

2-856 

2N4918 

2-860 

2N4919 

2-860 

2N4920 

2-860 

2N4921 

2-864 

2N4922 

2-864 

2N9423 

2 864 

2N4924 

2-868 

2N4925 

2 868 

2N4926 

2-869 

2N4927 

2 869 

2N4928 

2 871 

2N4929 


L 

2N4930 

\ 

f 

2N4931 

2 871 

2N4937 

2-873 

2N4938 



2N4939 



2N4940 



2N4941 



2N4942 

2 873 

2N4948 

2-875 

2N4949 

2-875 

2N4957 

2-877 

2N4958 

2 877 

2N4959 

2-877 

2N4974 

2-885 

2N4975 

2-885 

2N4993 

2 887 
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2N4192 

2-721 

2N4193 



2N4194 



2N4195 



2N4196 



2N4197 



2N4198 

2-721 

2N4199 

2-727 

2N4200 



2N4201 



2N4202 



2N4203 



2N4204 

2-727 

2N4212 

2-733 

2N4213 



2N4214 



2N4215 


1 

2N4216 

2-733 

2N4220,A 

2-735 

2N4221,A 

2-735 

2N4222,A 

2-735 

2N4223 

2-739 

2N4224 

2-739 

2N4231 

2-743 

2N4232 

2-743 

2N4233 

2-743 

2N4234 

2-746 

2N4235 

2-746 

2N4236 

2-746 

2N4237 

2-751 

2N4238 

2-751 

2N4239 

2-751 

2N4260 

2-755 

2N4261 

2 755 

2N4264 

2-759 

2N4265 

2-759 

2N4276 

2-764 

2N4277 



2N4278 



2N4279 



2N4280 



2N4281 



2N4282 



2N4283 

2-764 

2N4342 

2-768 

2N4351 

2-770 

2N4352 

2-774 

2N4360 

2-778 

2N4361 

2-780 

2N4362 

2-780 
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2N4363 

2-780 

2N4364 



2N4365 



2N4366 



2N4367 



2 N 4368 



2N4371 



2N4372 



2N4373 



2N4374 



2N4375 



2N4376 



2N4377 


r 

2N4378 

2-780 

2N4391 

2-784 

2N4392 

2-784 

2N4393 

2-784 

2N4398 

2-786 

2N4399 

2-786 

2N4400 

2-791 

2N4401 

2-791 

2N4402 

2-795 

2N4403 

2-795 

2 N 4404 

2 802 

2N4405 

2-802 

2 N 4406 

2-808 

2N4407 

2-808 

2 N 4409 

2 812 

2 N 441 0 

2-812 

2 N 441 6 

2 814 

2 N 442 7 

2-816 

2N4428 

2 818 

2N4441 

2-820 

2 N 4442 

J 

L 

2N4443 

\ 

r 

2 N 4444 

2-820 

2N4851 

2-824 

2N4852 

2 824 

2N4853 

2-824 

2N4854 

2-828 

2N4855 

2-828 

2N4856,A 

2 830 

2N4857,A 



2N4858,A 



2N4859,A 



2N4860 f A 

y 


2N4861 ,A 

2-830 

2N4870 

2-832 

2N4871 

2-832 

2N4877 

2-836 


XV 







XVI 



IN... JEDEC REGISTERED 
DEVICE SPECIFICATIONS 


1-1 



1-2 



1n248B ,C thru 1n250B, C 

IN1 191 thru 1N1198 
INI 195A thru 1N1198A 


Medium current silicon rectifiers. Unique double- 
case construction consists of hermetically sealed inner 
metallic case surrounded by molded external case ; 
provides highest degree of ruggedness and reliability . 
Type numbers shown have cathode connected to case , 
but reverse-polarity units can be obtained by adding 
suffix ”R" to standard type number, e. g. 1N248BR. 


1N3213,! N3214 



(DO-5) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Repetitive Reverse Voltage 

V RM (rep) 


Volts 

DC Blocking Voltage 

V R 



1N248B, 1N1191 


50 


1N248C 


55 


1N249B, INI 192 


100 


1N249C 


110 


1N1193 


150 


1N250B, 1N1194 


200 


1N250C 


220 


1N1195, 1N1195A 


300 


1N1196, 1N1196A 


400 


1N1197, 1N1197A, 1N3213 


500 


1N1198, 1N1198A, 1N3214 


600 


RMS Reverse Voltage 

Vr 


Volts 

1N248B, 1N1191 


35 


1N248C 


38.5 


1N249B, 1N1192 


70 


1N249C 


77 


1N1193 


105 


1N250B, 1N1194 


140 


1N250C 


154 


1N1195, 1N1195A 


210 


1N1196, 1N1196A 


280 


1N1197, 1N1197A, 1N3213 


350 


1N1198, 1N1198A, 1N3214 


420 


Average 1/2-Wave Rectified Forward Current 

!° 

20 

Amp 

(Resistive Load, 60 Hz , T c = 150°C) 


Peak Repetitive Forward Current 
(T c = 150°C) 


90 

Amp 

Peak Surge Current 
(Tq = 150°C, superimposed on Rated 

Current at Rated Voltage, 1/2-Cycle, 

1/120 sec) 

*FM (surge) 

350 

Amp 
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1 N248B,C thru 1 N250B,C (continued) 


THERMAL CHARACTERISTICS 

Maximum Operating and Storage Temperature: — 65 to + 190°C 
Maximum Thermal Impedance, Junction to Case: 0 J( . = 1.50°C/W DC 


ELECTRICAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Full Cycle Average Forward Voltage Drop 

V F(AV) 


Volts 

(I 0 (max)’ rated V r , 60 cps, T c = 150°C) 

0.6 


Instantaneous Forward Voltage Drop 

V F 


Volts 

<1 F = 100 Amps, Tj = 25°C) 


1.5 


Full Cycle Average Reverse Current 

X R(AV) 


mA 

do (max)’ rated v r’ 60 C P S > T C = 150°C) 



1N248B thru 1N250B, 1N1191 thru 1N1198 


5.0 


1N248C 


3.8 


1N249C 


3.6 


1N250C 


3.4 


1N1195A 


3.2 


1N1196A 


2.5 


1N1197A 


2.2 


1N1198A 


1.5 


1N3213 and 1N3214 


10.0 


DC Reverse Current 

Ir 


mA 

(Rated V R , T c = 25°C) 


1.0 



MAXIMUM AVERAGE FORWARD CURRENT RATING 
versus MAXIMUM CASE TEMPERATURE 




0 0.4 0.8 1.2 1.6 2.0 

V F , INSTANTANEOUS FORWARD V01TAGE (VOLTS) 
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in429 

IN 1530 series 
IN 1735 series 
in4057 series 


Temperature compensated zener reference diodes de- 
signed for reference sources utilizing an oxide-passivated 
junction for long-term voltage stability, high uniformity 
and reliable operation. 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Operating Junction Temperature Range 

Tj 

-55 to +175 

°C 

Storage Temperature Range 

T stg 

-65 to +175 

°c 

Power Dissipation* 

P D 

See Tables 1 & 2* 

w 


*The devices are designed for operation at the specified l£T- Operation above or below 
this current is not recommended, since the temperature coefficient is no longer valid. 
See Note 2 and Figure 4. 


MECHANICAL CHARACTERISTICS 


Case: 

Discrete glass package devices encapsulated in a 
transfer molded plastic package 

Polarity: 

Indicated by diode symbol except 1N429, INI 530, 1N1530A where cathode 
indicated by polarity dot of contrasting color 

Weight: 

Varies according to device 

0.5 grams (min) 

12 grams (max) 

Finish: 

All external surfaces corrosion resistant and leads readily solderable. 
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1 N429/ 1 N 1 530/ 1 N 1 735/ 1 N4057 (continued) 


TABLE 1 - ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


type 

■ 

Zener 

Voltage ±5% 

Vz @ IZT 
Volts mA 

ZZT 

Ohms 
(Note 3) 

Temperature 
Coefficient 
%/°C 
(Note 2) 

aVz @ IzT 
(+25 to +100°C) 
Volts 
(Note 2) 

— 

aVz 

(-55 to + 2500 
Volts 
(Note 2) 


1N4057 

41 

-8 

12.4 

10 

25 

0.005 

0.047 

0.050 

1.5 1 

1N4057A 



12.4 



25 

0.002 

0.019 

0.020 



1 N4058 



14.6 



30 

0.005 

0.055 

0.058 



1N4058A 



14.6 





0.002 

0.022 

0.023 



1 N4059 



16.8 





0.005 

0.063 

0.067 



1N4059A 



16.8 





0.002 

0.025 

0.027 



1 N4060 



18.5 



- 


0.005 

0.069 

0.074 



1N4060A 



18.5 



1 


0.002 

0.028 

0.030 



1 N4061 



21 



35 

0.005 

0.079 

0.084 



1N4061A 


■ 



m 



0.032 

0.034 



1 N4062 


BB 


■ 

■ 



0.086 

0.092 



1N4062A 


■ 



m 



0.035 

0.037 



1 N4063 




■ 

m 



0.101 

0.108 



1N4063A 


■1 



■ 



0.041 

0.043 



1 N4064 



30 



50 

0.005 

0.113 ! 

0.120 



1 N4064A 



30 



50 

0.002 

0.045 

0.048 



1N4065 



33 



55 

0.005 

0.124 

0.132 



1N4065A 



33 



55 

0.002 

0.050 

0.053 



1 N4066 



37 

7.5 

80 

0.005 

0.139 

0.148 



1 N4066A 



37 



80 

0.002 

0.056 

0.059 

B 

bbbi 

1N4067 



43 



90 

0.005 

0.161 

0.172 



1N4067A 



43 



90 

0.002 

0.065 

0.069 

bb 


1 N4068 



47 



100 

0.005 

0.176 

0.188 

^B 

mm 

1 N4068A 



47 



100 

0.002 

0.071 

0.075 

B, 

bb 

1 N4069 

41 

-9 

51 



110 

0.005 

0.191 

0.204 

2.0 | 

1N4069A 



51 



110 

0.002 

0.077 

0.082 



1N4070 



56 



120 

0.005 

0.210 

0.224 



1N4070A 



56 



120 

0.002 

0.084 

0.090 



1N4071 



62 



135 

0.005 

0.232 

0.248 



1N4071A 



62 



135 

0.002 

0.093 

0.099 



1N4072 



68 

5.0 

230 

0.005 

0.255 

0.272 



1N4072A 



68 



230 

0.002 

0.102 

0.109 



1N4073 



75 



250 

0.005 

0.281 

0.300 



1N4073A 



75 



250 

0.002 

0.113 

0.120 



1N4074 





■ 



0.307 


mm 

B 

1 N4074A 






' ■ ■ 


0.123 




1N4075 





■ 



0.326 


bb 

■ ■; 

1 N4075A 






■ • 


0.131 


|sb| 

/. ■ B! 

1 N4076 




B 




0.341 


BBS 

B 

1N4076A 




mm 

■ 


0.002 

0.137 

0.146 



1N4077 





■ 


0.005 

0.375 

0.400 



1N4077A 



m 


■ 


0.002 

0.150 

0.160 



1 N4078 






0.005 

0.394 

0.420 



1 N4078A 



■ 

mm 

Bi 


0.002 

0.158 

0.168 



1N4079 

mm 



B§|i 

■ 



0.413 


; : b 

■bb 

1N4079A 



B | ■ 


■ 



0.165 



BB 

1 N4080 

■ 

. ■ 






0.450 



IB 

1 N4080A 

mk 

JH . 



H 



0.180 


! im 

B 

1N4081 

■ 



mm 

■ 



0.488 


wmt&mmi 

1N4081 A 



130 



840 

0.002 

0.195 

0.208 



1 N4082 



140 



960 

0.005 

0.525 

0.560 



1N4082A 



140 



960 

0.002 

0.210 

0.224 



1 N4083 



150 



1020 

0.005 

0.563 

0.600 



1N4083A 



150 



1020 

0.002 

0.225 

0.240 



1 N4084 



175 



1150 

0.005 

0.656 

0.700 



1 N4084A 



175 



1150 

0.002 

0.263 

0.280 



1N4085 



200 



1350 

0.005 

0.750 

0.800 



1N4085A 



200 


i 

1350 

0.002 

0.300 

0.320 




* Derate linearly from 25°C to 1 75°C. 
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1 N429/ 1 N 1 530/ 1 N 1 735/ 1 N4057 (continued) 


TABLE 2 - ELECTRICAL CHARACTERISTICS OzT = 7.5 mA, Ta = 25°C unless otherwise noted) 
























1 N 429 / 1 N 1 530 / 1 N 1 735 / 1 N 4057 (continued) 


TEMPERATURE-COMPENSATED REFERENCE DIODES 


Temperature compensated reference diodes are made possible by 
taking advantage of the differing thermal characteristics of forward 
and reverse biased silicon PN junctions. A forward biased junction 
has a negative temperature coefficient of approximately 2.0 milli- 
volts/°C. Reverse biased junctions above 5.0 volts have a positive 
temperature coefficient and therefore it is possible by judicious sel- 
ection of combinations of forward and reverse biased junctions to 
obtain a device which shows a very low temperature coefficient due 
to cancellation. Because of the differing impedance versus tempera- 
ture characteristics of the junctions involved, optimum temperature 
stability is obtained by operating in the zener current range at which 
the temperature coefficient is a minimum (Figure 4) 

Further information, including a method of effective impedance 
cancellation in a bridge circuit for ultra-stable reference supplies, is 
contained in the Zener Diode Handbook. The handbook, containing 
valuable theory, design, and application information, is available 
from your distributor. 

NOTE 1 — Voltage-Current Characteristics 

Figure 4 shows the voltage-current characteristics of a typical 
temperature compensated unit at three different temperatures. The 
exploded view illustrates the cross-over area (optimum temperature 
stability point), the non-linearity of the temperature-voltage relation- 
ship, and the maximum voltage variation (AV^) for the three temp- 
eratures shown. 

Because of device impedance, the reference voltage will vary with 


changes in zener current. These variations can be minimized by driv- 
ing the device from a constant current source. 

NOTE 2 — Voltage Variation (AV^) and Temperature Coefficient 

All reference diodes are characterized by the "box” method. 
This method provides for a guaranteed maximum voltage variation 
(AV^ in mV) over a specified temperature range at the specified 
( ZT verified by tests at several points within the range. (Maximum 
voltage variations over the specified temperature ranges are given in 
Tables 1 and 2.) The design engineer now has a number (without 
any calculations) telling him the stability of the voltage over the 
temperature range of interest thus giving him the maximum flexibil- 
ity as well as economy in selecting the temperature stability re- 
quired. The referenced military specifications use this approach to 
characterize these devices. 

Since reference diodes have a non-linear voltage-temperature re- 
lationship (illustrated in exploded view. Figure 4) the temperature 
coefficients in %/°C are tabulated primarily for reference purposes 
and are guaranteed only at the end points of the temperature range. 

NOTE 3 — Zener Impedance Derivation 

The dynamic zener impedance, Z^y, is derived from the 60 Hz 
ac voltage which results when an ac current with an rms value equal 
to 10% of the dc zener current, l^y, is superimposed on I^T- A 
cathode-ray tube curve trace test on a sample basis is used to en- 
sure that each zener characteristic has a sharp and stable knee re- 
gion. 


FIGURE 4 - TYPICAL OPERATING CHARACTERISTICS 



i- 

z 

uj 

DC 

DC 

D 

O 

DC 

UJ 

Z 

UJ 

N 

N 


1-8 




in702 thru 1 n745 (ZENER DIODES) 


CASE 51 

( 00 - 7 ) 



Recommended for applications requiring an exact 
replacement only. For new designs and for industry 
preferred replacement devices, see 1N5221 series. 

1/4 watt, 2-200 volts 


in 746 thru 1 n759 1N746A thru 1N759A (ZENER DIODES) 

1 N4370 thru 1N4372 1N4370Athru 1N4372A 



Hermetically sealed, all-glass case with all external 
surfaces corrosion resistant. 


MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C 

D C Power Dissipation: 400 Milliwatts at 50°C Ambient (Derate 3.2 mW/°C 
Above 50°C Ambient) 

TOLERANCE DESIGNATIONS 

The type numbers shown have tolerance designations as follows: 

1N4370 series: ±10%, suffix A for ±5% units. 

1N746 series: ±10%, suffix A for ±5% units. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


TYPE 

NUMBER 

NOMINAL 
ZENER VOLTAGE 

v,@i„ 

VOLTS 

TEST 

CURRENT 

hi 

mA 

MAXIMUM ZENER IMPEDANCE 

hi @ Izt 

Ohms 

MAXIMUM 

DC ZENER CURRENT 

IZM 

mA 

MAXIMUM REVERSE 

LEAKAGE CURRENT 

T,= 25°C 

U@V« = 1 V 

mA 

T» = 150°C 

U@ V, = 1 V 

^A 

1N4370 

2.4 

20 

30 

150 

100 

200 

1N4371 

2.7 

20 

30 

135 

75 

150 

1N4372 

3.0 

20 

29 

120 

50 

100 

1N746 

3.3 

20 

28 

no 

10 

30 

1N747 

3.6 

20 

24 

100 

10 

30 

1N748 

3.9 

20 

23 

95 

. 

10 

30 

1N749 

4.3 

20 

22 

1 

85 

2 

30 

1N750 

4.7 

20 

19 

75 

2 

30 

1N751 

5.1 

20 

17 

70 

1 

20 

1N752 

5.6 

20 

11 

65 

1 

20 

1N753 

6.2 

20 

7 

60 

0.1 

20 

1N754 

6.8 

20 

5 

55 

0.1 

20 

1N755 

7.5 

20 

6 

50 

0.1 

20 

1N756 

8.2 

20 

8 

45 

0.1 

20 

1N757 

9.1 

20 

10 

40 

0.1 

20 

1N758 

10.0 

20 

17 

35 

0.1 

20 

1N759 

12.0 

20 

30 

30 

0.1 

20 


POLARITY: Cathode End, Indicated by Color Band, Will Be Positive When Operate 
Operated In The Zener Region. 
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1N746thru 1N759 (continued) 


SPECIAL SELECTIONS. AVAILABLE INCLUDE: (See Selector Guide for details) 

1 — Nominal zener voltages between those shown. 

2 — Matched sets: (Standard Tolerances are ±5.0%, ±3.0%, ±2.0%, ±1.0%) depending on voltage per device. 

a Two or more units for series connection with specified tolerance on total voltage. Series matched sets make possible higher 
zener voltages and provide lower temperature coefficients, lower dynamic impedance and greater power handling ability, 
b. Two or more units matched to one another with any specified tolerance. 

3 — Tight voltage tolerances: 1.0%, 2.0%, 3.0%. 


To designate units with zener voltages other than voltage (V z ) and test voltage for leakage current will 

those listed, the Motorola type number should be conform to the characteristics of the next higher 

modified as shown below. Unless otherwise specified, voltage type shown in the table, 
the electrical characteristics other than the nominal 

EXAMPLE: 1N746 series, 1N4370 series 


T 

Power Rating 


M 

T 

Motorola 


3.7 A Z 

T T T 

Alloy Zener Diode 


5 

T 

Tolerance (±%) 


Nominal Voltage 


in 761 thru 1 n769 Recommended for applications requiring an exact 

replacement only. For new designs see 1N5221 series. 
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.4M.64FR10/1N816 

.4M1.36FR5 

.4M1.36FR2 

.4M2.04FR5 

.4M2.04FR2 

MZ2360 

MZ2361 

MZ2362 


CONSTANT-VOLTAGE REFERENCE DIODES FOR 
LOW-VOLTAGE APPLICATIONS 


. . . high-conductance silicon diodes designed as a stable forward 
reference source for biasing transistor amplifiers and similar applica- 
tions. 

• Guaranteed Forward Voltage Range 

• Choice of Package 

• Temperature Effects Provided 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

DC Power Dissipation 

P D 

400 

mW 

@ Tl = 30°C ±3°C, 




Lead Length = 3/8” 




Operating and Storage Junction 

T J- T stg 

-65 to +175 

°C 


Temperature Range 


FORWARD REFERENCE 
DIODES 

- STABISTORS - 




MECHANICAL CHARACTERISTICS 

Case: Choice of package, either Glass or Surmetic 
Dimensions: See outline drawings 

Finish: All external surfaces are corrosion resistant and leads are readily solder- 
able and weldable 

Polarity: Cathode indicated by polarity band. Cathode negative for forward 
reference application. 

Weight: 0.2 Gram (approximate) 

Mounting Positions: Any 
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.4M.64FR10/1N816,.4M1.36FR5, .4M1.36FR2, .4M2.04FR5 
.4M2.04FR2, MZ2360, MZ2361, MZ2362 (continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 



Forward Reference 


Reverse Leakage 




Voltage (1) 


Current (Max) 





a 



a 



Type Number 

V F 

Volts 

>F 

mA 

•r 

juA 


v R 

Volts 

Package 

Case 


Min/Max 







.4M.64FR10/ 
1N816* (2) 

0.58/0.70 

1.0 

0.1 


4.0 

Glass 

51 

.4M1.36FR5 

1.29/1.43 

10 

0.1 


4.0 

Glass 

51 

.4M1.36FR2 

1.33/1.39 

10 

0.1 


4.0 

Glass 

51 

.4M2.04FR5 

1.94/2.14 

10 

0.1 


4.0 

Glass 

51 

.4M2.04FR2 

2.00/2.08 

10 

0.1 


4.0 

Glass 

51 

MZ2360 

0.63/0.71 

10 

10 


5.0 

Surmetic 

59 

MZ2361 

1.24/1.38 

10 

10 


5.0 

Surmetic 

51 

MZ2362 

1.90/2.10 

10 

10 


5.0 

Glass 

51 


•Indicates JEDEC Registered Data for 1N816 

(1) Motorola guarantees the forward reference voltage when measured at 90 seconds while maintaining the lead temperature (T|_) at 30°C 
+ 1 °C, 3/8" from the diode body. 

(2) Minimum Saturation Voltage for 1 N816 = 40 V @ 100 juA. 
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Ip FORWARD CURRENT (mA) If, FORWARD CURRENT (mA) Ip, FORWARD CURRENT (mA) 


4M.64FR10/1N816, .4M1.36FR5, .4M1.36FR2, .4M2.04FR5 
4M2.04FR2, MZ2360, MZ2361, MZ2362(continued) 


TYPICAL FORWARD VOLTAGE CHARACTERISTICS 


FIGURE 1 - .4M.64FR10/1N816 



FIGURE 3 - .4M2.04FR5 



0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 .24 2.6 

Vp, FORWARD VOLTAGE (VOLTS) 



1.01 S I I I IS S SI I I I | 

0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 

Vf, FORWARD VOLTAGE (VOLTS) 


FIGURE 2 - .4M1.36FR5 



Vf, FORWARD VOLTAGE (VOLTS) 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

Vf, FORWARD VOLTAGE (VOLTS) 


FIGURE 6 - MZ2362 





0\j F, TEMPERATURE COEFFICIENT (mV/°C) 0 VF, TEMPERATURE COEFFICIENT (mV/°C) 


.4M.64FR10/1N816, .4M1.36FR5, .4M1.36FR2, .4M2.04FR5 
4M2.04FR2, MZ2360, MZ2361, MZ2362 (continued) 


TYPICAL TEMPERATURE COEFFICIENT 


FIGURE 7 - .4M.64FR10/1N816 

+1-0. 1 , , r- 
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-2.0 


— - 




















-3.0 











C 

1 1.0 2.0 3. 

0 4.0 5. 

0 6. 

0 7.0 8. 

0 9. 

0 10 


IF, FORWARD CURRENT (mA) 


FIGURE 8 — MZ2360 



IF, FORWARD CURRENT (mA) 


FIGURE 9 - .4M1.36FR5/MZ2361 FIGURE 10 - .4M2.04FR5/MZ2362 



Ip, FORWARD CURRENT (mA) Ip, FORWARD CURRENT (mA) 
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in821. A, in823, A (SILICON) 

in825. A, in827, A 
in829, A 


Temperature-compensated zener reference diodes util- 
izing an oxide-passivated junction for long-term voltage 
stability. RamRod construction provides a rugged, glass- 
enclosed, hermetically sealed structure. 

MAXIMUM RATINGS 

Junction Temperature: -55 to +175°C 
Storage T emperature: -65 to + 1 75°C 
DC Power Dissipation: 400 mW @T/\ = 50°C 

MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed, all-glass 

DIMENSIONS: See outline drawing. 

FINISH: All external surfaces are corrosion resistant and leads are readily sold- 
erable and weldable. 

POLARITY: Cathode indicated by polarity band. 

WEIGHT: 0.2 Gram (approx) 

MOUNTING POSITION: Any 


ELECTRICAL CHARACTERISTICS (r A = 25 °C unless otherwise noted) 


JEDEC 

Maximum 

Voltage 

Ambient 

Temperature 

Maximum 

Dynamic 

Type No. 

Change 

Temperature 

Coefficient 

%/°c 

(Note 2) 

Impedance 

(Note 1) 

AV Z (Volts) 

°C 

±1°C 

Z ZT Ohms 


(Note 2) 


(Note 3) 


V z = 6.2 V ±5.0%* @ I ZT = 7.5 mA 


1N821 

0.096 

-55, 0, +25, +75, +100 

0.01 

15 | 

1N823 

0.048 



0.005 



1N825 

0.019 



0. 002 



1N827 

0.009 



0. 001 



IN 82 9 

0. 005 



0. 0005 



1N821A 

0.096 



0. 01 


1N823A 

0.048 



0. 005 



1N825A 

0.019 



0. 002 



1N827A 

0. 009 



0.001 



1N829A 

0.005 



0. 0005 





*Tighter-tolerance units available on special request. 

CAPACITANCE (C) = 30 to 400 pF @ 90% of V z 
FORWARD BREAKDOWN VOLTAGE (V { ) = 15 to 400 V 
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AVz, MAXIMUM VOLTAGE CHANGE (mV) 

IZ, ZENER CURRENT (mA) (Referenced to-55°C) 


1N821,A / 1N823,A / 1N825,A/ 1N827,A/ 1N829, A (continued) 


MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 

(with Izt = 7 5 mA ±0.01 mA) (See Note 4) 

1N821 thru 1N829 


FIGURE la 


IZT = 7.5 mA 

I 


50kVz = +31.0mV-y 


-50pAVz = -31 .0 mV- 


I 1N827,A 

i 

■ 1 N829,A 1 



J 

825, A 


FIGURE 1b 


25 1N8 21,A / 
20 /- 


-20 — — V- 
_25 1N821,A\ 







,A 






1N825,A 









/ 











1N827,A 










1 N829,A 
















1 N829,A 










1N827.A 






. 














1N825,A 




,A 








1 



Ta. AMBIENT TEMPERATURE (°C) 


ZENER CURRENT versus MAXIMUM VOLTAGE CHANGE 

(At Specified Temperatures) 

(See Note 5) 

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES. 


FIGURE 2 -1N821 SERIES 


FIGURE 3 - 1N821A SERIES 





aVz, MAXIMUM VOLTAGE CHANGE (mV) 
(Referenced to I ZT = 7-5 mA) 


aVz, MAXIMUM VOLTAGE CHANGE (mV) 
(Referenced to IZT = 7.5 mA) 






MAXIMUM GENERATED NOISE (u\/ rms) Zz, MAXIMUM ZENER IMPEDANCE (OHMS) 


1N821,A / 1N823,A / 1N825,A/ 1N827,A/ 1N829, A (continued) 


MAXIMUM ZENER IMPEDANCE versus ZENER CURRENT 

(See Note 3) 

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES. 


FIGURE 4 - 1N821 SERIES 

1000 



FIGURE 5 - 1N821 A SERIES 



IZ, ZENER CURRENT (mA) 


FIGURE 6 - DISTRIBUTION OF MAXIMUM GENERATED NOISE 



NOTE 1: 

Types 1N821, 1N823, 1N825, 1N827, and 1N829 are available to 
M I L-S- 1 9500/ 1 59. 

NOTE 2: 

Voltage Variation (aVz) and Temperature Coefficient. 

All reference diodes are characterized by the "box method". This 
guarantees a maximum voltage variation (AV^) over the specified 
temperature range, at the specified test current UztK verified by 
tests at indicated temperature points within the range. V£ is meas- 
ured and recorded at each temperature specified. The AV^ between 
the highest and lowest values must not exceed the maximum AV^ 
given. This method of indicating voltage stability is now used for 
JEDEC registration as well as for military qualification. The former 
method of indicating voltage stability — by means of temperature 
coefficient — accurately reflects the voltage deviation at the tempera- 
ture extremes, but is not necessarily accurate within the tempera- 
ture range because reference diodes have a nonlinear temperature 
relationship. The temperature coefficient, therefore, is given only 
as a reference. 

NOTE 3: 

The dynamic zener impedance, Z^T- < s derived from the 60-Hz ac 
voltage drop which results when an ac current with an rms value 


equal to 10% of the dc zener current, Izt» is superimposed on Izt- 
Curves showing the variation of zener impedance with zener current 
for each series are given in Figures 4 and 5. A cathode-ray tube 
curve-trace test on a sample basis is used to ensure that each zener 
characteristic has a sharp and stable knee region. 

NOTE 4: 

These graphs can be used to determine the maximum voltage change 
of any device in the series over any specific temperature range. For 
example, a temperature change from 0 to +50°C will cause a volt- 
age change no greater than +31 mV or -31 mV for 1N821 or 1N821A, 
as illustrated by the dashed lines in Figure 1. The boundaries given 
are maximum values. For greater resolution, an expanded view of 
the shaded area in Figure la is shown in Figure 1b. 

NOTE 5: 

The maximum voltage change, AVz, Figures 2 and 3 is due en- 
tirely to the impedance of the device. If both temperature and I^T 
are varied, then the total voltage change may be obtained by graph- 
ically adding AV^ in Figure 2 or 3 to the A Vz in Figure 1 for the 
device under consideration. If the device is to be operated at some 
stable current other than the specified test current, a new set of 
characteristics may be plotted by superimposing the data in Figure 2 
or 3 on Figure 1. For a more detailed explanation see AN-437 
(Application Note). 
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in 935/ A, B (SILICON) 

thru 

in939. A, B 

Temperature-compensated zener reference diodes util- 
izing an oxide-passivated junction for long-term voltage 
stability. RamRod construction provides a rugged, glass- 
enclosed, hermetically sealed structure. 

MAXIMUM RATINGS 

Junction Temperature: -55to+175°C 
Storage Temperature: -65 to +175°C 
DC Power Dissipation: 500 mW @ Ta = 25°C 

MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed, all-glass 

DIMENSIONS: See outline drawing. 

FINISH: All external surfaces are corrosion resistant and leads are readily sold- 
erable and weldable. 

POLARITY: Cathode indicated by polarity band. 

WEIGHT : 0.2 Gram(approx) 

MOUNTING POSITION: Any 



CASE 51 

(DO-7) 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


JEDEC 

Type No. 

(Note 1) 

Maximum 

Voltage 

Change 

AV Z (Volts) 

(Note 2) 

Ambient 

Test 

Temperature 

°C 

±1°C 

Temperature 

Coefficient 

V°c 

(Note 2) 

Maximum 

Dynamic 

Impedance 

Z ZT (Ohms) 

(Note 3) 

V z = 9.0 V ±5.0%* @ I ZT = 7.5 mA 

1N935 

0.067 

0, +25, +75 

0. 01 

20 

1N936 

0.033 

0.005 

1N937 

0.013 

0.002 

1N938 

0.006 

0.001 

1N939 

0. 003 

0. 0005 

1N935A 

0. 139 

-55, 0, +25, 

+75, +100 

0.01 

20 

1N936A 

0. 069 

0. 005 

1N937A 

0. 027 

0. 002 

1N938A 

0.013 

0.001 

1N939A 

0. 007 

0. 0005 

1N935B 

0. 184 

-55, 0, +25, 

+75, +100, +150 

0.01 

20 

1N936B 

0. 092 

0.005 

1N937B 

0.037 

0.002 

1N938B 

0.018 

0.001 

1N939B 

0. 009 

0. 0005 


*Tighter-tolerance units available on special request. 
CAPACITANCE (C) = 20 to 180 pF @ 90% of V z 
FORWARD BREAKDOWN VOLTAGE (V f ) = 100 to 800 V 
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A/z, MAXIMUM VOLTAGE CHANGE (mV) aVz, MAXIMUM VOLTAGE CHANGE (mV) 

(Reference to -55°C) (Referenced to 0°C) 


1 N935, A, B thru 1 N939, A, B (continued) 


MAXIMUM VOLTAGE CHANGE versus TEMPERATURE 

(with l ZT = 7.5 mA +0.01 mA) (See Note 4) 


1N935 thru 1N939 

FIGURE la FIGURE 1b 



MAXIMUM VOLTAGE CHANGE versus TEMPERATURE 


FIGURE 2a 


(with l z -j- = 7.5 mA ±0.01 mA) (See Note 4) 

1N935A thru 1N939A 


FIGURE 2b 



1N935A 


1N936A 


1N937A 

1N938A 

3 - 

1N938A 
1 N937A 



1N936A 


1N935A 


150 



-55 0 50 100 


Ta, AMBIENT TEMPERATURE (°C) 
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I z , ZENER CURRENT (mA) aV Z- MAXIMUM VOLTAGE CHANGE (mV) 

, , , (Referenced to -55°C) 


1N935, A, B thru 1N939, A, B (continued) 


MAXIMUM VOLTAGE CHANGE versus TEMPERATURE 

(with I;zt = 7.5 mA ±0.01 mA) (See Note 4) 


1 N935B thru 1N939B 

FIGURE 3a FIGURE 3b 



FIGURE 4 - ZENER CURRENT versus MAXIMUM 
VOLTAGE CHANGE (at specified temperatures) 

(See Note 5) 


FIGURE 5 - MAXIMUM ZENER IMPEDANCE 
versus ZENER CURRENT 

(See Note 3) 



-150 -100 -50 0 50 100 

aVz, MAXIMUM VOLTAGE CHANGE (mV) 

(Referenced to IzT - 7-5 mA) 
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1N935, A, B thru 1N939, A, B (continued) 



10 20 30 40 50 100 200 400 1000 

f c , CENTER FREQUENCY (kHz) 


NOTE 1: 

Types 1N935B, 1N937B,and 1N939B are available to Ml L-S-1 9500/ 
156. 

NOTE 2: 

Voltage Variation (a Vz) and Temperature Coefficient. 

All reference diodes are characterized by the "box method". This 
guarantees a maximum voltage variation (aVz) over the specified 
temperature range, at the specified test current 0 zt)« verified by 
tests at indicated temperature points within the range. This method 
of indicating voltage stability is now used for JEDEC registration as 
well as for military qualification. The former method of indicating 
voltage stability — by means of temperature coefficient — accurately 
reflects the voltage deviation at the temperature extremes, but is not 
necessarily accurate within the temperature range because reference 
diodes have a nonlinear temperature relationship. The temperature 
coefficient, therefore, is given only as a reference. 

NOTE 3: 

Zener Impedance Derivation 

The dynamic zener impedance, Z^f, is derived from the 60-Hz ac 
voltage drop which results when an ac current with an rms value 
equal to 10% of the dc zener current, l^y, ' s superimposed on I^T- 


Curves showing the variation of zener impedance with zener current 
for each series are given in Figure 5. A cathode-ray tube curve-trace 
test on a sample basis is used to ensure that each zener characteristic 
has a sharp and stable knee region. 

NOTE 4: 

These graphs can be used to determine the maximum voltage change 
of any device in the series over any specific temperature range. For 
example, a temperature change from +25 to +50°C will cause a volt- 
age change no greater than +22 mV or -22 mV for 1N935, as illus- 
trated by the dashed lines in Figure 1. The boundaries given are 
maximum values. For greater resolution, expanded views of the 
shaded areas in Figures la, 2a, and 3a are shown in Figures 1b, 2b, 
and 3b respectively. 

NOTE 5: 

The maximum voltage change, aV^, in F igure 4 is due entirely to the 
impedance of the device. If both temperature and \zj are varied, 
then the total voltage change may be obtained by adding aVz in Fig- 
ure 4 to the aVz in Figure 1, 2, or 3 for the device under considera- 
tion. If the device is to be operated at some stable current other 
than the specified test current, a new set of characteristics may be 
plotted by superimposing the data in Figure 4 on Figure 1, 2, or 3. 
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in941 , A, 8 (SILICON) 

thru 

in945. A, B 

Temperature-compensated zener reference diodes util- 
izing an oxide-passivated junction for long-term voltage 
stability. RamRod construction provides a rugged, glass- 
enclosed, hermetically sealed structure. 

MAXIMUM RATINGS 

Junction Temperature: -55to+175°C 
Storage Temperature: -65 to +175°C 
DC Power Dissipation: 500 mW @ Ta = 25°C 

MECHANICAL CHARACTERISTICS 



CASE: Hermetically sealed, all-glass 
DIMENSIONS: See outline drawing. 

FINISH: All external surfaces are corrosion resistant and leads are readily sold- 
erable and weldable. 


POLARITY: Cathode indicated by polarity band. 
WEIGHT: 0.2 Gram (approx) 

MOUNTING POSITION: Any 


ELECTRICAL CHARACTERISTICS <Ta = 25°C unless otherwise noted) 


JEDEC 

Type No. 

(Note 1) 

Maximum 

Voltage 

Change 

AV Z (Volts) 

(Note 2) 

Ambient 

Test 

Temperature 

°C 

±1°C 

Temperature 
Coefficient 
%/°C 
(Note 2) 

Maximum 

Impedance 

Z ZT (Ohms) 

(Note 3) 

V z = 11.7 V ±5.0%* @ I ZT = 7.5 mA 

1N941 

0.088 

0, +25, +75 

0. 01 

30 

1N942 

0.044 

0.005 

1N943 

0.018 

0.002 

1N944 

0.009 

0.001 

1N945 

0. 004 

0. 0005 




1N941A 

0.181 

-55, 0, +25, 

+75, +100 

0.01 

30 

1N942A 

0. 090 

0.005 

1N943A 

0. 036 

0.002 

1N944A 

0.018 

0. 001 

1N945A 

0. 009 

0. 0005 




1N941B 

0.239 

-55, 0, +25, 

+75, +100, +150 

! 

0.01 

30 

1N942B 

0. 120 

0. 005 

1N943B 

0. 047 

0. 002 

1N944B 

0.024 

0. 001 

1N945B 

0.012 

0. 0005 





♦Tighter-tolerahce units available on special request. 

CAPACITANCE (C) = 14 to 35 pF @ 90% of V Z 
FORWARD BREAKDOWN VOLTAGE (V { ) = 150 to 1200 V 
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aVz, MAXIMUM VOLTAGE CHANGE (mV) aV Z, MAXIMUM VOLTAGE CHANGE (mV) 

, (Referenced to -55°C) ± (Referenced to 0°C) 


1N941, A, B thru 1N945, A, B (continued) 


MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 

(With l zx= 7.5 mA ±0.01 mA) (See Note 4) 

1N941 thru 1N945 

FIGURE la FIGURE 1b 




Ta, AMBIENT TEMPERATURE (°C) 


MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 

(With l ZT = 7.5 mA ±0.01 m A) (See Note 4) 


FIGURE 2a 


1N941A thru 1N945A 


FIGURE 2b 



50 100 



Ta, AMBIENT TEMPERATURE (°C) 
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1N941, A, B thru 1N945, A, B (continued) 


MAXIMUM VOLTAGE CHANGE versus TEMPERATURE 

(with I^T ~ 7.5 mA ±0 01 rnA) (See Note 4) 


1 N941B thru 1N945B 

FIGURE 3a FIGURE 3b 



FIGURE 4 - ZENER CURRENT versus MAXIMUM 
VOLTAGE CHANGE (At specif ied temperatures) 

(See Note 5) 


FIGURE 5 - MAXIMUM ZENER IMPEDANCE versus 
ZENER CURRENT 

(See Note 3) 



-150 -100 -50 0 50 100 


aVz, maximum voltage change 

(Referenced to lzT = 7.5 mA) 





1N941, A, B thru 1N945, A, B (continued) 


FIGURE 6 - DISTRIBUTION OF MAXIMUM GENERATED NOISE 
50 i 1 1 1 1 — i — i 1 1 — i — i — i — i 1 1 1 1 r 



10 


ol ! I I I 1 I I I ! I I I I i I I I I I 1 I L 1 J 

10 20 30 40 50 100 200 400 1000 

f Cl CENTER FREQUENCY (kHz) 


NOTE 1 : 

Types 1N941B, 1N943B, and 1N944B are available to MIL-S-19500/ 
157. 

NOTE 2: 

Voltage Variation (aV^) and Temperature Coefficient. 

All reference diodes are characterized by the "box method". This 
guarantees a maximum voltage variation (aV^) over the specified 
temperature range, at the specified test current Ozt)« verified by 
tests at indicated temperature points within the range. This method 
of indicating voltage stability is now used for JEDEC registration as 
well as for military qualification. The former method of indicating 
voltage stability — by means of temperature coefficient — accurately 
reflects the voltage deviation at the temperature extremes, but is not 
necessarily accurate within the temperature range because reference 
diodes have a nonlinear temperature relationship. The temperature 
coefficient, therefore, is given only as a reference. 

NOTE 3: 

Zener Impedance Derivation 

The dynamic zener impedance, Z^j, is derived from the 60-Hz ac 
voltage drop which results when an ac current with an rms value 
equal to 1 0% of the dc zener current, ■ZT. is superimposed on l^f- 


Curves showing the variation of zener impedance with zener current 
for each series are given in Figure 5. A cathode-ray tube curve-trace 
test on a sample basis is used to ensure that each zener characteristic 
has a sharp and stable knee region. 

NOTE 4: 

These graphs can be used to determine the maximum voltage change 
of any device in the series over any specific temperature range. For 
example, a temperature change from +25 to +50°C will cause a volt- 
age change no greater than +29 mV or -28 mV for 1N941, as illus- 
trated by the dashed lines in Figure 1. The boundaries given are 
maximum values. For greater resolution, expanded views of the 
shaded areas in Figures la, 2a, and 3a are shown in Figures 1b, 2b, 
and 3b respectively. 

NOTE 5: 

The maximum voltage change, aV;z, in Figure 4 is due entirely to the 
impedance of the device. If both temperature and I^T are varied, 
then the total voltage change may be obtained by adding a Vz in Fig- 
ure 4 to the aVz in Figure 1, 2, or 3 for the device under considera- 
tion. If the device is to be operated at some stable current other 
than the specified test current, a new set of characteristics may be 
plotted by superimposing the data in Figure 4 on Figure 1, 2, or 3. 
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in 957 thru 1 n992 


CASE 51 

(DO -7) 



Hermetically sealed, all -glass case with all external 
surfaces corrosion resistant. Cathode end, indicated 
by color band, will be positive with respect to anode end 
when operated in the zener region. 


MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C 

D C Power Dissipation: 400 Milliwatts at 50°C Ambient (Derate 3.2 mW/°C 
Above 50 °C Ambient) 

TOLERANCE DESIGNATIONS 

With no suffix, tolerance is ±20%, for ±10% units, add suffix A, for ±5% units, 
add suffix B. 


ELECTRICAL CHARACTERISTICS (Ta= 25°C unless otherwise noted) 

Motorola Guarantees the Zener Voltage at 90 Seconds with Lead Temperature of 30°C±1°C, 3/8" from Unit Body. 


TYPE 

NUMBER 

NOMINAL 
ZENER VOLTAGE 
V* 

VOLTS 

TEST 

CURRENT 

In 

mA 

MAXIMUM ZENER IMPEDANCE 

MAXIMUM 

DC ZENER CURRENT 
U 

mA 

REVERSE LEAKAGE CURRENT 

Zjt@Ijt 

Ohms 

Z»@lw 

Ohms 

Ik 

mA 

1, MAXIMUM 

M) 

TEST VOLTAGE Vile* 

Vr, Vrj 

1N957 


18.5 

wggm 

700 

1.0 

47 

150 

5.2 

4.9 

1N958 

■RH 

16.5 


700 

0.5 

42 

75 

5.7 

5.4 

1N959 

9 Hj 

15 


700 

0.5 

38 

50 

6.2 

5.9 

1N960 

9.1 

14 


700 

0.5 

35 

25 

6 9 

6.6 

1N961 

10 

12.5 

9t» 

700 

0.25 

32 

10 

7.6 

7.2 

1N962 

11 

11.5 

9.5 

700 

0.25 

28 

5 

8.4 

8.0 

1N963 

12 

10.5 

11.5 

700 

0.25 

26 

5 

9.1 

8.6 

1N964 

13 

9.5 

13 

700 

0.25 

24 

5 

9.9 

9.4 

1N965 

15 

8.5 

16 

700 

0.25 

21 

5 

11.4 

10.8 

1N966 

16 

7.8 

17 

700 

0.25 

19 

5 

12.2 

11.5 

1N967 

18 

7.0 

21 

750 

0.25 

17 

5 

13.7 

13.0 

1N968 

20 

6.2 

25 

750 

0.25 

15 

5 

15.2 

14.4 

1N969 

22 

mm 

29 

750 

0.25 

14 

■■■■ 

16.7 

15.8 

1N970 

24 


33 

750 

0.25 

13 

’ ' : - ' | \ ; ±. 

18.2 

17.3 

1N971 

27 

KH 

41 

750 

0.25 

11 

9 

20.6 

19.4 

1N972 

30 

4.2 

49 

1000 

0.25 

10 


22.8 

21.6 

1N973 

33 

mam 

58 

1000 

0.25 

9.2 

: ' \ .. 

25.1 

23.8 

1N974 

36 

WBM 

70 

1000 

0.25 

8.5 

mmmm 

27.4 

25.9 

1N975 

39 

3.2 

80 

1000 

0.25 

7.8 


29.7 

28.1 

1N976 

43 

3.0 

93 

1500 

0.25 

7.0 

9 

32.7 

31.0 

1N977 

47 


105 

1500 

0.25 

6.4 

■ 1 

35.8 

33.8 

1N978 

51 

9 

125 

1500 

0.25 

5.9 


38.8 

36.7 

1N979 

56 

9 

150 

2000 

0.25 

5.4 


42.6 

40.3 

1N980 

62 

2.0 

185 

2000 

0.25 

4.9 

Mmmm 

47.1 

44.6 

1N981 

68 

1.8 

230 

2000 

0.25 

4.5 

■gg 

51.7 

49.0 

1N982 

75 

1.7 

270 

2000 

0.25 

4.0 


56.0 

54.0 

1N983 

82 

1.5 

330 

3000 

0.25 

3.7 

9 ■ 

62.2 

59.0 

1N984 

91 

1.4 

400 

3000 

0.25 

3.3 


69.2 

65.5 

1N985 

100 

1.3 


3000 

0.25 

3.0 

9 9 

76.0 

72.0 

1N986 

110 

1.1 

750 

4000 

0.25 

2.7 

M 

83.6 

79.2 

1N987 

120 

1.0 

900 

4500 

0.25 

2.5 

■ 

91.2 

86.4 

1N988 

130 

0.95 

1100 

5000 

0.25 

2.3 

wm^m 

98.8 

93.6 

1N989 

150 

0.85 

1500 

6000 

0.25 

2.0 


114.0 

108.0 

1N990 

160 

0.80 

1700 

6500 

0.25 

1.9 


121.6 

115.2 

1N991 

180 

0.68 

2200 

7100 

0.25 

1.7 

■ 

136.8 

129.6 

1N992 

200 

0.65 

2500 

8000 

0.25 

1.5 

WmmM 

152.0 

144.0 
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1N957 thru 1N992 (continued) 


SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details) 

1 — Nominal zener voltages between those shown. 

2 — Matched sets: (Standard Tolerances are ±5.0%, ±3.0%, ±2.0%, ±1.0%) depending on voltage per device. 

a. Two or more units for series connection with specified tolerance on total voltage. Series matched sets make possible higher 
zener voltages and provide lower temperature coefficients, lower dynamic impedance and greater power handling ability 

b. Two or more units matched to one another with any specified tolerance. 

3 — Tight voltage tolerances: 1.0%, 2.0%, 3.0%. 


*V — Test Voltage for 5% Tolerance Device 
rtl 

V R 2 — Test Voltage for 10% Tolerance Device 
No Leakage Specified as 20% Tolerance Device 


To designate units with zener voltages other than 
those listed, the Motorola type number should be 
modified as shown below. Unless otherwise specified, 
the electrical characteristics other than the nominal 


voltage (V z ) and test voltage for leakage current will 
conform to the characteristics of the next higher 
voltage type shown in the table. 


EXAMPLE: 1N957 series 


.4 

M 

115 

Z 

3 

T 

Power Rating 

T 

Motorola 



T 

Zener Diode 

T 

Tolerance (±%) 


Nominal Voltage 
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IN 1 183thru INl 1 90 (SILICON) 



Medium current silicon rectifiers. Unique double- 
case construction consists of hermetically sealed inner 
metallic case surrounded by molded external case; 
provides highest degree of ruggedness and reliability . 
Type numbers shown have cathode connected to case , 
but reverse-polarity units can be obtained by adding 
suffix "R" to standard type number, e. g. 1N1183R. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Repetitive Reverse Voltage 
and 

V RM (rep) 


Volts 

DC Blocking Voltage 

V R 



1N1183 


50 


1N1184 


100 


1N1185 


150 


1N1186 


200 


INI 187 


300 


INI 188 


400 


1N1189 


500 


1N1190 


600 


RMS Reverse Voltage 

V 


Volts 

1N1183 


35 


1N1184 


70 


1N1185 


105 


1N1186 


140 


1N1187 


210 


1N1188 


280 


1N1189 


350 


1N1190 


420 


Average 1/2 -Wave Rectified Forward 

I 0 


Amp 

Current 

u 



(Resistive Load, 60 Hz , T c = 140°C) 


35 


Peak Repetitive Forward Current 
(T c = 140°C) 

*FM (rep) 

150 

Amp 

Peak Surge Current 

*FM (surge) 


Amp 

(T^ = 140° C, superimposed on Rated 
Current at Rated Voltage) 

400 



Operating and Storage Temperature 

T J’ T stg 

-65 to +190 

°C 

Thermal Impedance 

e jc 

1.0 

°c/w, 



DC steady state 
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INI 183 thru INI 190 (continued) 


ELECTRICAL CHARACTERISTICS 


Characteristics 

Symbol 

Value 

Unit 

Max Full Cycle Average Forward Voltage Drop 
(I 0(max)> ratedV r> 60 Hz , T c = 140°C) 

V F(AV) 

0.6 

Volts 

Max Instantaneous Forward Voltage Drop 
(I p = 100 Amps, Tj = 25°C) 

V F 

1.3 

Volts 

Max Full Cycle Average Reverse Current 
(I 0(max)> ratedV r> 60 Hz,T c =140°C) 

Wv) 


mA 

Max DC Reverse Current 
(Rated V R , T c = 25° ) 

hi 

mm 

mA 


MAXIMUM AVERAGE FORWARD CURRENT RATING 
versus MAXIMUM CASE TEMPERATURE 
(60 CPS, RESISTIVE OR INDUCTIVE LOAD) 



TYPICAL FORWARD CHARACTERISTICS 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

V t , INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


InI 191thru lNll 198 

INI 195A thru 1N1198A 

For Specifications, See 1N248B Data. 
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1 n 1 31 3 thru 1 n1327 



Very low power zener diodes with standard ±10% 
tolerances. Available with ±5.0% tolerance by adding 
suffix ,f A M to type number. 

Standard cathode -to-case polarity. 

For new designs and for industry preferred replace- 
ment devices, see MZ92-8.8A series. 


MAXIMUM RATINGS 

Junction and Storage Temperature Range: -65 to ±175° C (Derate 1 mW/°C 
above 25° C). 

ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Type 

Nomina! 

Voltage 

V z @Izt = 200mA 
volts 

Max Reverse Current 

Test 

Voltage 

V R 

volts 

T a = 25 C 
Ir@ Vr 

r* 

T a = 100 G 
U@v R 

mA 

1N1318 


0.1 


mm 

1N1319 

28.50 

0.1 

mu 


1N1320 

34.50 

0.1 

19 

mm 

1N1321 

41.00 

0.1 

10 

33 

1N1322 

48.50 

0.1 

10 

39 


Type 

Nominal 

Voltage 

V z @Izt = 280mA 
volts 

Max Reverse Current 

Test 

Voltage 

Vr 

volts 

T a = 25°C 
Ir@Vr 

mA 

T a = 100 C 

Ia@Vr 

* 

1N1313 

8.75 


5 

6.8 

1N1314 


0.5 

5 

8.2 

1N1315 

12.75 

0.5 

5 

10 

1N1316 

15.75 

0.5 

5 

12 

1N1317 

19.00 

0.5 

5 

15 


Type 

Nominal 

Voltage 

V z @Izt = 200 mA 
volts 

Max Reverse Current 

Test 

Voltage 

Vr 

volts 

T a = 25 C C 
Ir@V r 

mA 

PBnfifl 

MM 

1N1323 

58.00 

0.1 

10 

47 

1N1324 


1.0 

50 

56 

1N1325 

87.50 

1.0 

50 

68 

INI 326 

105.0 

1.0 

50 

82 

1N1327 

127.5 

1.0 

50 

100 


InI 3 51 thru 1N1375 



Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N2970 series. 
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1 n 1 507 thru INll 51 7 


CASE 52 

(DO- 13) 



Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1.0-watt, 1N4728 

series. 


1n 1518 thru 1 n1528 


CASE 52 

(DO-13) 



Recommended for applications requiring an exact 
replacement only. For new designs and for industry 
preferred replacement devices, see 1N4728 series. 


in1530/ A 


For Specifications, See 1N429 Data. 


1N1588 thru 1N1598 



Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N3993 series. 


1n 1599 thru 1N1609 



Recommended for applications requiring an exact 
replacement only. For new designs and for industry 
preferred replacement devices, see 1N3993 series. 


CASE 56 

(DO-4) 
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HIGH VOLTAGE SILICON RECTIFIERS MOLDED ASSEMBLIES 


in! 730 thru IN 1734 
in 2382 thru 1 n2385 



Standard single - phase, half-wave, high - voltage 
silicon rectifier assemblies. 


MAXIMUM RATINGS (covering all devices in the table below) 


Max. DC Reverse Current 


@ Elated Peak Reverse Voltage 25°C 

10/iA 

100 °C 

100 uA 

Max. Surge Current 

2. 5A 

(8 ms ) 


Operating Temperature 

-55°C to +150°C 


ELECTRICAL CHARACTERISTICS 


Rectifier 

Types 

v 

RM 

(rep) 

Avg. Rectified 
Fwd. 

Current — mA 

Max. RMS 
Input 
Voltage 

Max. DC 
Fwd. 
Voltage 
@ 100mA 
@ 25°C 

Case 

Dimensions 

Lead 

Dimensions 

@25°C 

@100 C 

L 

Dia. 

L 

Dia. 

1N1730 

1000 

200 

100 

700 

5 

. 5 

.375 

wgm 

.030 

1N1731 

1500 

200 


1050 

5 

. 5 

.375 


.030 

1N1732 

2000 

200 

100 

1400 

9 

1.0 

.375 

■m 


1N1733 

3000 

150 

75 

2100 

12 

1.0 

.375 

msfl 

■ 

1N1734 

5000 

100 

50 

3500 

18 

1.0 

. 5 

1.250 

■ 

1N2382 

4000 

150 

75 

2800 

18 

1. 5 

.5 

1.250 

■ 

1N2383 

6000 

100 

50 

4200 

27 

1. 5 

.5 

1.250 


1N2384 

8000 

70 

35 

5600 

27 

1. 5 

.5 

1.250 

.030 

1N2385 

10000 

70 

35 

7000 

39 

2.0 

. 5 

1.250 

.030 


IN 1735 thru 1 N 1742 (REFERENCE DIODES) 


IN 1736An.ru in1742A 


For Specifications, See 1N429 Data. 


InI 765 thru 1 n1802 (ZENER DIODES) 

\ Recommended for applications requiring an exact re- 

\ placement only. For new designs and for industry pre- 

ferred replacement devices, see 1N4728 series. 


CASE 52 

(DO-13) 
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TnI 803 thru inI 836 (ZENER DIODES) 



Recommended for applications requiring an exact replacement 
only. For new designs and for industry preferred replacement de- 
vices, see 1N3993 series, and 1N2970 series. 


IN 1816 thru IN 1836 are available as clipper devices.To 
order, add suffix "C" for ±10%, suffix "CA" for ±5%. 


in2008 thru 1 n2012 (ZENER DIODES) 



Recommended for applications requiring an exact re - 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N2970 series. 


1N2032 thru in2040 (ZENER DIODES) 


CASE 52 

(DO-13) 



Recommended for applications requiring an exact re- 
placement only. For new designs and for industry 
preferred replacement devices, see 1N4728 series. 


in2041 thru 1 n2049 (ZENER DIODES) 



(DO-4) 


Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N3993 series. 
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1n21 63 thru in21 71 (SILICON) 

1N2163A thru 1n2 171 A 
in3580. A, B thru in3583/ A, B 


TEMPERATURE-COMPENSATED ZENER REFERENCE DIODES 

Highly reliable reference sources utilizing an oxide-passivated 
junction for long-term voltage stability. Construction consists of 
welded hermetically sealed metal and glass case. 

• Low Dynamic Impedance 

• Choice of Three Temperature Ranges 

• "Box Method" Specifications Guarantee Maximum Voltage De- 

viation. 


Temperature compensated reference diodes are made by taking 
advantage of the differing thermal characteristics of forward and 
reverse biased silicon PN junctions. A forward biased junction has a 
negative temperature coefficient of approximately 2.0 millivolts/°C. 
Reverse biased junctions above 5.0 volts have a positive temperature 
coefficient and therefore it is possible by judicious selection of 
combinations of forward and reverse biased junctions to obtain a 
device that shows a very low temperature coefficient due to cancella- 
tion. Because of the differing impedance versus temperature charac- 
teristics of the junctions involved, optimum temperature stability is 
obtained by operating in the zener current range at which the tempera- 
ture coefficient is a minimum. 

MAXIMUM RATINGS 

Junction Temperature: -55 to +200° C 
Storage Temperature: -65to+200°C 
DC Power Dissipation: 750 mW @ T A = 25°C 

MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed, welded metal glass 
DIMENSIONS: See outline drawing. 

FINISH: All external surfaces are corrosion resistant and leads are readily solderable 
and weldable. 

POLARITY: Cathode to case 
WEIGHT: 1 .5 Grams (approx) 

MOUNTING POSITION: Any 


TEMPERATURE- 
COMPENSATED 
SILICON ZENER 
REFERENCE DIODES 



00-13 


CASE 52 
(DO-13) 
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1N2163 thru 1N2171, 1N2163A thru 1N2171A, 
IN 3580, A, B thru 1N3583, A, B (continued) 

ELECTRICAL CHARACTERISTICS 


< 

N 

9.4 Volts ± 0.4 V (± 0.2 V Suffix 

'A") @(I 2T = 10 mA) 

Type 

Number 

Max 

Voltage 

Change 

Test 

Temperatures 

Temperature 
Coefficient 
(Note 1) 
%/°C 

Max Dynamic 
Impedance 

(Note 1) 
AV Z (Volts) 

°C 

(Note 2) 
(Ohms) 

1N2163.A 

0.033 

0 , + 25 . +70 

0.005 


1N2164,A 

0.086 

- 55 , 0 , + 25 , 

+ 75 , +125 

0.005 

15 

1N2165,A 

0.115 

- 55 , 0 , + 25 , 
+ 75 . + 125 , +185 

0.005 


1N2166,A 

0.007 

0 , + 25 , +70 

0.001 


1N2167.A 

0.017 

- 55 . 0 , + 25 , 
+ 75, +125 

0.001 

15 

1N2168.A 

0.023 

- 55 , 0 , + 25 , 
+ 75 . + 125 , +185 

0.001 


1N2169,A 

0.004 

0 , + 25 , +70 

0.0005 


1N2170,A 

0.009 

- 55 , 0 , + 25 , 
+ 75 , +125 

0.0005 

15 

1N2171.A 

0.012 

- 55 , 0 , + 25 , 
+ 75 . + 125 , +185 

0.0005 



ELECTRICAL CHARACTERISTICS 



V z = 11.7 Volts ±5.0% (l ZT 

= 7.5 mA) 



Max 





Voltage 

Test 

Temperature 

Max Dynamic 


Change 

Temperatures 

Coefficient 

Impedance 

Type 

(Note 1) 


(Note 1) 

(Note 2) 

Number 

AV Z (Volts) 

°C 

%/°C 

Z ZT 

1N3580 

0,088 


0.01 


1N3581 

0.044 

0 , + 25 , +75 

0.005 

25 

1N3582 

0.018 


0.002 


1N3583 

0.009 


0.001 


1N3580A 

0.181 


0.01 


1N3581A 

0.090 

- 55 , 0 , + 25 , 

0.005 

25 

1N3582A 

0.036 

+ 75, +100 

0.002 


1N3583A 

0.018 


0.001 


1N3580B 

0.239 


0.01 


1N3581B 

0.120 

- 55 , 0 . +25 

0.005 

25 

1N3582B 

0.048 

+ 75 , + 100 , +150 

0.002 


1N3583B 

0.024 


0.001 



NOTE 1: 

Voltage Variation (AV^) and Temperature Coefficient. 

All reference diodes are characterized by the "box method". This 
guarantees a maximum voltage variation (AV^) over the specified 
temperature range, at the specified test current (l^y), venfied by 
tests at indicated temperature points within the range. V^ is 
measured and recorded at each temperature specified. The AV^ 
between the highest and lowest values must not exceed the 
maximum AV^ given. 

This method of indicating voltage stability is now used for JEDEC 
registration as well as for military qualification. The former method 
of indicating voltage stability — by means of temperature co- 
efficient — accurately reflects the voltage deviation at the tem- 
perature extremes, but is not necessarily accurate within the 
temperature range because reference diodes have a nonlinear 
temperature relationship. The temperature coefficient, therefore, 
is given only as a reference. 


NOTE 2: 

The dynamic zener impedance, is derived from the 60-Hz ac 
voltage drop which results when an ac current with an rms value 
equal to 10% of the dc zener current, \^j, is superimposed on l^j. 
A cathode-ray tube curve-trace test on a sample basis is used to en- 
sure that the zener has a sharp and stable knee region. 


IN 


2382 thru tn2385 


For Specifications, See INI 730 Data. 


1N2498 thru 1N2500 


Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N2970 series. 

CASE 56 

(DO-4) 



1N2609 thru 1N2617 

Obsolete, discontinued types, replace with devices from the 1N4001 series. 
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in 2620, A, B (SILICON) 

thru 

in2624. A, B 

Temperature-compensated zener reference diodes util- 
izing an oxide-passivated junction for long-term voltage 
stability. Construction consists of welded hermetically 
sealed metal and glass case. 

MAXIMUM RATINGS 

Junction Temperature: — 55to+175°C 
Storage Temperature: -65 to +175°C 
DC Power Dissipation: 750 mW @ T/\ = 25°C 



MECHANICAL CHARACTERISTICS 


CASE: Hermetically sealed, welded metal and glass 


DIMENSIONS: See outline drawing. 


FINISH: All external surfaces are corrosion resistant and leads are readily sold- 
erable and weldable. 

POLARITY: Cathode to case 

WEIGHT: 1.5 Grams (approx) 

MOUNTING POSITION: Any 


ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted) 


JEDEC 

Type No. 

Maximum 

Voltage 

Change 

AV Z (Volts) 

(Note 1) 

Ambient 

Test 

Temperature 

±1°C 

Temperature 

Coefficient 

%/°c 

(Note 1) 

Maximum 

Dynamic 

Impedance 

Z ZT (Ohms) 

(Note 2) 

V z = 9.3 V ±5.0%* @ I ZT = 10 mA 

1N2620 

0.070 

0, +25, +75 

0. 01 

15 

1N2621 

0.035 

0. 005 

1N2622 

0.014 

0. 002 

1N2623 

0. 007 

0.001 

1N2624 

0. 003 

0. 0005 

1N2620A 

0. 144 

-55, 0, +25, 

+75, +100 

0. 01 

15 

1N2621A 

0.072 

0.005 

1N2622A 

0. 029 

0. 002 

1N2623A 

0.014 

0. 001 

1N2624A 

0. 007 

0. 0005 

1N2620B 

0.191 

-55, 0, +25, 

+75, +100, +150 

0. 01 

15 

1N2621B 

0.095 

0. 005 

1N2622B 

0.038 

0.002 

1N2623B 

0. 019 

0. 001 

1N2624B 

0.010 

0. 0005 


*Tighter-tolerance units available on special request. 
CAPACITANCE (C) = 75 to 200 pF @ 90% of V z 
FORWARD BREAKDOWN VOLTAGE (V f ) = 100 to 800 V 
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AVz, MAXIMUM VOLTAGE CHANGE (mV) 
(Referenced to-55°C) 


1N2620, A, B thru 1N2624, A, B (continued) 


MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 

(With l ZT = 10 m A ±0.01 mA) (See Note 3) 

1N2620 thru 1N2624 

FIGURE la FIGURE 1b 




ta, AMBIENT TEMPERATURE (°C) 


MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 

(With l 2T = 10 mA ±0.01 mA) (See Note 3) 


FIGURE 2a 


1N2620A thru 






Ta, AMBIENT TEMPERATURE (°C) 




(Referenced to -55° C) 


1 N2620, A, B thru 1 N2624, A, B (continued) 


MAXIMUM VOLTAGE CHANGE versus TEMPERATURE 

(withlzT = 10 mA±0.01 mA) (See Note 4) 


1N2620B thru 1N2624B 


FIGURE 3a 


FIGURE 3b 



1IM262QB I f 


TA, AMBIENT TEMPERATURE (°C) 


1N2620B/ / | 

: 


/ / 1N2621B 

i 


/ / -1N2622B 

i 


/ / 

_ 


/ / / 

i 


/ / / 

i 


/ / / ^ 



7 7 / ==S *^'1N2623B 






1 > 1N2624B 



X 



VV ^S"1N2624B 



\ \ \ X^ 



\ \ X^I X| 1N?P?^P 






\ \ \ 



\ \ \ 



\ \ > 1N2622B 



\ \ 1N2621B 



1N2620B l \ 



V 3k 



FIGURE 4 - ZENER CURRENT versus MAXIMUM 
VOLTAGE CHANGE (at specified temperatures) 

(See Note 4) 

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES 




— 

_]ZT 

4 ° c >^ 

+75°c ^ 

Z2i 

m 


FIGURE 5 - MAXIMUM ZENER IMPEDANCE 
versus ZENER CURRENT 

(See Note 2) 

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES 



AV z, MAXIMUM VOLTAGE CHANGE (mV) 
(Referenced to (ZT = 10 mA) 


1.0 2.0 4.0 6.0 8.0 10 

IZ, ZENER CURRENT (mA) 





MAXIMUM NOISE (juV rms) 


1N2620, A, B thru 1N2624, A, B (continued) 


FIGURE 6 - DISTRIBUTION OF MAXIMUM GENERATED NOISE 



NOTE 1 : 

Voltage Variation (aV^) and Temperature Coefficient. 

All reference diodes are characterized by the "box method". This 
guarantees a maximum voltage variation (aVz) over the specified 
temperature range, at the specified test current Ozy), verified by 
tests at indicated temperature points within the range. This method 
of indicating voltage stability is now used for JEDEC registration as 
well as for military qualification. The former method of indicating 
voltage stability — by means of temperature coefficient — accurately 
reflects the voltage deviation at the temperature extremes, but is not 
necessarily accurate within the temperature range because reference 
diodes have a nonlinear temperature relationship. The temperature 
coefficient, therefore, is given only as a reference. 

NOTE 2: 

Zener Impedance Derivation 

The dynamic zener impedance, is derived from the 60-Hz ac 
voltage drop which results when an ac current with an rms value 
equal to 10% of the dc zener current, \ zj . is superimposed on l^y. 
Curves showing the variation of zener impedance with zener current 


for each series are given in Figure 5. A cathode-ray tube curve-trace 
test on a sample basis is used to ensure that each zener characteristic 
has a sharp and stable knee region. 

NOTE 3: 

These graphs can be used to determine the maximum voltage change 
of any device in the series over any specific temperature range. For 
example, a temperature change from +25 to +50°C will cause a volt- 
age change no greater than +23 mV or -23 mV for IN 2620, as 
illustrated by the dashed lines in Figure 1. The boundaries given are 
maximum values. For greater resolution, expanded views of the 
shaded areas in Figures la, 2a, and 3a are shown in Figures 1b, 2b, 
and 3b respectively. 

NOTE 4: 

The maximum voltage change, aV^, in Figure 4 is due entirely to the 
impedance of the device. If both temperature and l^j are varied, 
then the total voltage change may be obtained by adding aVz in Fig- 
ure 4 to the aVz in Figure 1, 2, or 3 for the device under considera- 
tion. If the device is to be operated at some stable current other 
than the specified test current, a new set of characteristics may be 
plotted by superimposing the data in Figure 4 on Figure 1, 2, or 3. 
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1n2804 thru 1n2846 (ZENER DIODES) 

6.8V thru 200V (Case 54) 

in 4557 thru in4564 in 4549 thru in4556 

3.9V thru 7.5V (Case 54) 3.9V thru 7.5V (Case 58) 

1n3305 thru 1n3350 

6.8V thru 200V (Case 58) 

Units are available with anode-to-case and cathode- 
to-case connections (standard and reverse polarity). 

For reverse polarity, add suffix "R" to type number. 

MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C. 

D C Power Dissipation: 50 Watts. (Derate 0. 5 W/°C above 75°C). 

TOLERANCE DESIGNATION 

The type numbers shown have a standard tolerance of ±20% on the nominal 
zener voltage. Add suffix "A" for ±10% units or "B" for ±5% units. (2% and 1% 
tolerance also available. (See Selector Guide for details) 

CASE 54 APPLICATIONS INFORMATION 

If these units are used with a socket, the unregulated line should be connected 
to one pin through a suitable current limiting resistor and the load should be 
connected to the other pin. The load will now be disconnected from the line if 
the unit is removed from the socket. 

Typical circuit connections for anode-to-case and cathode -to -case polarities 
(standard and reverse polarities, respectively) are shown below 



CURRENT 



CIRCUIT CONNECTIONS 


STANDARD POLARITY 

( ANODE TO CASE ) 


REVERSE POLARITY 

( CATHODE TO CASE) 

/ RED DOT ON CASE AND \ 
V’R" SUFFIX ON TYPE NO J 



(A) NOMINAL ZENER VOLTAGES BETWEEN THE 
VOLTAGES SHOWN AND TIGHTER VOLTAGE 
TOLERANCES: 

To designate units with zener voltages other than 
those assigned JEDEC numbers and/or tight voltage 
tolerances (±3%, ±2%, ±1%), the Motorola type 
number should be used. 


50 

T 

Device 

Description 


M 90 S Z 3 

T T T T T 

Motorola Nominal | Zener Tolerance 

Voltage Stud Diode (±%) 


Example: 50M90ZS3 


(B) MATCHED SETS: (Standard Tolerances are ±5.0%, 

± 2 . 0 %, ± 1 . 0 %). 

Zener diodes can be obtained in sets consisting 
of two or more matched devices. The method for 
specifying such matched sets is similar to the one 
described in (A) for specifying units with a special 
voltage and/or tolerance except that two extra 
suffixes are added to the code number described. 


M 

T 


50 

T 

Device 
Description I (each 
Motorola-* 


. 


5 1 S Z 5 

T T T T 

5 1 Volts Zener 
ach device) I Diodes 
Stud-J I 

Tolerance — * 


1 

T 

Overall 
Tolerance 
of set 
(± 1 %) 

1 — Code* 


Tolerance - 
per device (±5%) 

♦Code- (omit for ±20% units) (A-Notused) 

B - Two devices in series 
C - Three devices in series 
D - Four devices in series 

Example: 50M51SZ5B1 


(C) ZENER CLIPPERS: (Standard Tolerance ±10% and 
±5%). 

Special clipper diodes with opposing Zener 
junctions built into the device are available by using 
the following nomenclature: 


T 


Device 
Description 


' T ' 

Nominal 

Voltage 



Zener 

Diodes 


10 


These units are marked with code letters to 
identify the matched sets and, in addition, each unit 
in a set is marked with the same serial number, 
which is different for each set being ordered. 


Motorola-! 


Stud — * 


Example: 50M20SZZ10 


Clipper — ! | 

Tolerance for each of 
the two Zener voltages 
(not a matching require- 
ment) 
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1 N2804 thru 1 N2846 (continued) 


ELECTRICAL CHARACTERISTICS 

<r c = 30°C unless otherwise specified) Vf = 1.5 V max @ 10 A on all types. 


50 Watt 

CASE 54 

50 Watt 

CASE 58 

Nominal 
Zener Voltage 
@ l ZT 
(V z ) Volts 

Test 

Current 

(l ZT ) 

mA 

Max Zener Impedance 

Max DC Zener 
Current 

75°C Case Temp 

REVERSE * 
LEAKAGE CURREN1 

Typical 
Zener 
Voltage 
Temp. Coeff. 

%/x 

Z ZT @ 'zi 

ohms 

Z ZK @ l ZK 5mA 
ohms 

L MAX 

(m A) 

v„ 

V R2 

1N4557 

1N4549 

3.9 

3200 

0.16 

400 

11900 

150 

0.5 

0.5 

-.025 

1N4558 

1N4550 

4.3 

2900 

0.16 

500 

10650 

150 

0.5 

0.5 

-.025 

1N4559 

1N4551 

4.7 

2650 

0.12 

600 

9700 

100 

1.0 

1.0 

.010 

1N4560 

1N4552 

5.1 

2450 

0.12 

650 

8900 

20 

1.0 

1.0 

.015 

1N4561 

1N4553 

5.6 

2250 

0.12 

900 

8100 

20 

1.0 

1.0 

.030 

1N4562 

1N4554 

6.2 

2000 

0.14 

1000 

7300 

20 

2.0 

2.0 

.040 

1N2804 

1N3305 

6.8 

1850 

0.2 

70 

6600 

150 

4.5 

4.3 

.040 

1N4563 

1N4555 

6 1 .8 

1850 

0.16 

200 

6650 

10 

2.0 

2.0 

.045 

1N2805 

1N3306 

7.5 

1700 

0.3 

70 

5900 

75 

5.0 

4.7 

.045 

1N4564 

1N4556 

7.5 

1650 

0.24 

100 

6050 

10 

3.0 

3.0 

.053 

1N2806 

1N3307 

8.2 

1500 

0.4 

70 

5200 

50 

5.4 

5.2 

.048 

1N2807 

1N3308 

9.1 

1370 

0.5 

70 

4800 

25 

6.1 

5.7 

.051 

1N2808 

1N3309 

10 

1200 

0.6 

80 

4300 

10 

6.7 

6.3 

.055 

1N2809 

1N3310 

11 

1100 

0.8 

80 

3900 

5 

8.4 

8.0 

.060 

1N2810 

1N3311 

12 

1000 

1.0 

80 

3600 

5 

9.1 

8.6 

.065 

1N2811 

1N3312 

13 

960 

1.1 

80 

3300 

5 

9.9 

9.4 

.065 

1N2812 

1N3313 

14 

890 

1.2 

80 

3000 

5 

10.6 

10.1 

.070 

1N2813 

1N3314 

15 

830 

1.4 

80 

2800 

5 

11.4 

10.8 

.070 

1N2814 

1N3315 

16 

780 

1.6 

80 

2650 

5 

12.2 

11.5 

.070 

1N2815 

1N3316 

17 

740 

1.8 

80 

2500 

5 

13.0 

12.2 

.075 

1N2816 

1N3317 

18 

700 

2.0 

80 

2300 

5 

13.7 

13.0 

.075 

1N2817 

1N3318 

19 

660 

2.2 

80 

2200 

5 

14.4 

13.7 

.075 

1N2818 

1N3319 

20 

630 

2.4 

80 

2100 

5 

15.2 

14.4 

.075 

1N2819 

1N3320 

22 

570 

2.5 

80 

1900 

5 

16.7 

15.8 

.080 

1N2820 

1N3321 

24 

520 

2.6 

80 

1750 

5 

18.2 

17.3 

.080 

1N2821 

1N3322 

25 

500 

2.7 

90 

1550 

5 

19.0 

18.0 

.080 

1N2822 

1N3323 1 

27 

460 

2.8 

90 

1500 

5 

20.6 

19.4 

.085 

1N2823 

1N3324 

30 

420 

3.0 

90 

1400 

5 

22.8 

21.6 

.085 

1N2824 

1N3325 

33 

380 

3.2 

90 

1300 

5 

25.1 

23.8 

.085 

1N2825 

1N3326 

36 

350 

3.5 

90 

1150 

5 

27.4 

25.9 

.085 

1N2826 

1N3327 

39 

320 

4.0 

90 

1050 

5 

29.7 

28.1 

.090 

1N2827 

1N3328 

43 

290 

4.5 

90 

975 

5 

32.7 

31.0 

.090 

1N2828 

1N3329 

45 

280 

4.5 

100 

930 

5 

34.2 

32.4 

.090 

1N2829 

1N3330 

47 

270 

5.0 

100 

880 

5 

35.8 

33.8 

.090 

1N2830 

1N3331 

50 

250 

5.0 

100 

830 

5 

38.0 

36.0 

.090 

1N2831 

1N3332 

51 

245 

5.2 

100 

810 

5 

38.8 

36.7 

.090 

_ 

1N3333 

52 

240 

5.5 

100 

790 

5 

39.5 

37.4 

.090 

1N2832 

1N3334 

56 

220 

6 

no 

740 

5 

42.6 

40.3 

.090 

1N2833 

1N3335 

62 

200 

7 

120 

660 

5 

47.1 

44.6 

.090 

1N2834 

1N3336 

68 

180 

8 

140 

600 

5 

51.7 

49.0 

.090 

1N2835 

1N3337 

75 

170 

9 

150 

540 

5 

56.0 

54.0 

.090 

1N2836 

1N3338 

82 

150 

11 

160 

490 

5 

62.2 

59.0 

.090 

1N2837 

1N3339 

91 

140 

15 

180 

420 

5 

69.2 

65.5 

.090 

1N2838 

1N3340 

100 

120 

20 

200 

400 

5 

76.0 

72.0 

.090 

1N2839 

1N3341 

105 

120 

25 

210 

380 

5 

79.8 

75.6 

.095 

1N2840 

1N3342 

110 

110 

30 

220 

365 

5 

83.6 

79.2 

.095 

1N2841 

1N3343 

120 

100 

40 

240 

335 

5 

91.2 

86.4 

.095 

1N2842 

1N3344 

130 

95 

50 

275 

310 

5 

98.8 

93.6 

.095 

_ 

1N3345 

140 

90 

60 

325 

290 

5 

106.4 

100.8 

.095 

1N2843 

1N3346 

150 

85 

75 

400 

270 

5 

114.0 

108.0 

.095 

1N2844 

1N3347 

160 

80 

80 

450 

250 

5 

121.6 

115.2 

.095 

_ 

1N3348 

175 

70 

85 

500 

230 

5 

133.0 

126.0 

.095 

1N2845 

1N3349 

180 

68 

90 

525 

220 

5 

136.8 

129.6 

.095 

1N2846 

1N3350 

200 

65 

100 

600 

200 

5 

152.0 

144.0 

.100 


SPECIAL SELECTIONS AVAILABLE INCLUDE. (See Selector Guide for details) 


— Test Voltage for 5% Tolerance Device 
V R2 — Test Voltage for 10% Tolerance Device 
No Leakage Specified as 20% Tolerance Device 
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P 0f RATED POWER DISSIPATION (WATTS) A V, VOLTAGE CHANGE (VOLTS) 


1 N2804 thru 1 N2846 (continued) 


FIGURE 1 - TEMPERATURE CHARACTERISTICS 



1.0 2.0 5.0 10 20 50 100 200 500 1000 

V Zl BREAKDOWN VOLTAGE (VOLTS) 


FIGURE 2 — 



0 25 50 75 100 125 150 175 


FIGURE 3 - LEAKAGE CURRENT 



1 10 100 1000 


T Cl CASE TEMPERATURE (°C) 


V Z) NOMINAL BREAKDOWN VOLTAGE (VOLTS) 


FIGURE 4 - ZENER IMPEDANCE 
versus ZENER CURRENT 



1 10 100 1000 10,000 
l z , ZENER CURRENT <mA) 
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in 2970 thru 1 n3015 (ZENER DIODES) 

Diffused -junction zener diodes for both military and 
high-reliability industrial applications. Available with 
anode-to-case and cathode-to-case connections (stand- 
ard and reverse polarity), i. e. , 1N2970 and 1N2970R. 
Supplied with mounting hardware. 

The type numbers shown have a standard tolerance of ±20% on the nominal 
zener voltage. Add suffix "A" for ±10% units or "B" for ±5% units. (2% and 1% 
tolerance also available. ) 

MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C. 

D C Power Dissipation: 10 Watts. (Derate 83.3 mW/°C above 55°C). 


ELECTRICAL CHARACTERISTICS 

(TC = 25°C unless otherwise noted) Vf = 1.5 V max @ If = 2 amp on all types. 


Type No. 

Nominal 

Zener Voltage 

V z @ Izr 

Volts 

Test 

Current 

Izr 

mA 

Max Zener Impedance 

Max DC Zener 

Max. Reverse Current * 

Zzr @ Izr 

Ohms 

Z ZK @ l 2K 

Ohms 

IzK 

mA 

Current 

I Z m mA 

l R Max 

LA) 

V*. 

n 

1 N 2970 

HHERHI 

370 

1.2 

500 

1.0 

1,320 

150 

HH9999H 

hh 

1 N 2971 


335 

1.3 

250 

1.0 

1,180 

75 



1 N 2972 


305 

1.5 

250 

1.0 

1,040 

50 

^9 

5.9 

1 N 2973 

9.1 

275 

2.0 

250 

1.0 

960 

25 


6.6 

1 N 2974 

10 

250 

3 

250 

1.0 

860 

10 

. mm 

7.2 

1 N 2975 


230 


250 

1.0 

780 

H9HH| 

8.4 

8.0 

1 N 2976 


210 


250 

1.0 

720 

■ 

9.1 

8.6 

1 N 2977 


190 

^1: 

250 

1.0 

660 


9.9 

9.4 

1 N 2978 


180 

■ 

250 

1.0 

600 


10.6 

10.1 

1 N 2979 


170 

■ 

250 

1.0 

560 

mam 

11.4 

10.8 

1 N 2980 

16 

155 

■ 

250 

1.0 

530 

u 

12.2 

11.5 

1 N 2982 

18 

140 


250 

1.0 

460 

H 

13.7 

13.0 

1 N 2983 

19 

130 


250 

1.0 

440 


14.4 

13.7 

1 N 2984 

20 

125 


250 

1.0 

420 


15.2 

14.4 

1 N 2985 

22 

115 


250 

1.0 

380 

mam 

16.7 

15.8 

1 N 2986 

24 

105 

■ 

250 

1.0 

350 

■ 

18.2 

17.3 

1 N 2988 

27 

95 


250 

1.0 

300 

1 1 B 

20.6 

19.4 

1 N 2989 

30 

85 


300 

1.0 

280 


22.8 

21.6 

1 N 2990 

33 

75 


300 

1.0 

260 


25.1 

23.8 

1 N 2991 

36 

70 

.0 

300 

1.0 

230 

wmm 

27.4 

25.9 


* V R1 —Test Voltage for 5% Tolerance Device. V R 9 — Test Voltage for 10% Tolerance 
Device. No Leakage Specified as 20% Tolerance Device. 



(A) NOMINAL ZENER VOLTAGES BETWEEN THE 
VOLTAGES SHOWN AND TIGHTER VOLTAGE 
TOLERANCES: 

To designate units with zener voltages other than 
those assigned JEDEC numbers and/or tight voltage 
tolerances (±3%, ±2%, ±1%), the Motorola type 
number should be used. 


10 M 90 

T T T 

Device Motorola Nominal 
Description Voltage 


Z 

T 


3 

T 


Zener Tolerance 
Diode (±%) 


Example: 10M90Z3 


(B) MATCHED SETS: (Standard Tolerances are ±5.0%, 

± 2 . 0 %, ± 1 . 0 %). 

Zener diodes can be obtained in sets consisting 
of two or more matched devices. The method for 
specifying such matched sets is similar to the one 
described in (A) for specifying units with a special 
voltage and/or tolerance except that two extra 
suffixes are added to the code number described. 

These units are marked with code letters to 
identify the matched sets and, in addition, each unit 
in a set is marked with the same serial number, 
which is different for each set being ordered. 


10 M 5 1 Z 5 B 1 

T T T T T T T 

Device 51 Volts Zener Overall 

Description (each device) Diodes Tolerance 

Motorola-* 

Tolerance-* (±1%) 

per device (± 5 %) — Code* 

♦Code: (omit for +20% units) (A : Not used) 

B - Two devices in series 
C - Three devices in series 
D - Four devices in series 

Example: 10M515B1 

(C) ZENER CLIPPERS: (Standard Tolerance ±10% and 
±5%). 

Special clipper diodes with opposing Zener 
junctions built into the device are available by using 
the following nomenclature: 

10 M 20, Z Z 10 

T T T T 

Device Nominal Zener 

Description Voltage Diodes 


Motorola * 


Example: 10M20ZZ10 


Clipper — * 

Tolerance for each of 
the two Zener voltages 
(not a matching require- 
ment) 
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1N2970 thru 1N3015 (continued) 


ELECTRICAL CHARACTERISTICS 

(Tc = 25°C unless otherwise noted) V f _ 15 v max @ | F = 2 amp on all types. 


Type No. 

Nominal 

Zener Voltage 

V z @ l ZT 

Volts 

Test 

Current 

In 

mA 

Max Zener Impedance 

Max DC Zener 
Current 
l ZM mA 

Max. Reverse Current * 

Z Z T @ l Z T 

Ohms 

Z Z K @ l Z K 

Ohms 

Izk 

mA 

1* Max 

( m a ) 

V RI 

mm 

1N2992 

39 

65 

li 

300 

1.0 

210 

HjHHSjjHjHj 

29.7 

28. 1 

1N2993 

43 

; 

12 

400 

1.0 

195 


32.7 

31.0 

1N2995 

47 

55 

14 

400 

1.0 

175 

H 

35.8 

33.8 

1N2996 

50 

50 

15 

500 

1.0 

165 


38.0 

36.0 

1N2997 

51 

50 

15 

500 

1.0 

163 

mi 

38.8 

36.7 

1N2998 

52 


15 

500 

1.0 

160 

5 

39.5 

37.4 

1N2999 

56 

45 

16 

500 

1.0 

150 

5 

42.6 

40.3 

1N3000 

62 

40 

17 

600 

1.0 

130 

5 

47.1 

44.6 

1N3001 

68 

37 

18 

600 

1.0 

120 

5 

51.7 

49.0 

1N3002 

75 

33 

22 

600 

1.0 

110 

5 

56.0 

54.0 

1N3003 

82 

30 

25 

700 

1.0 

100 

5 

62.2 

59.0 

1N3004 

91 

28 

35 

800 

1.0 

85 

5 

69.2 

65.5 

1N3005 

100 

25 

40 

900 

1.0 

80 

5 

76.0 

72.0 

1N3006 

105 

25 

45 

1,000 

1.0 

75 

5 

79.8 

75.6 

1N3007 

110 

23 

55 

1,100 

1.0 

72 

5 

83.6 

79.2 

1N3008 

120 

20 

75 

1,200 

1.0 

67 

5 

91.2 

86.4 

1N3009 

130 

19 

100 

1,300 

1.0 

62 

5 

98.8 

93.6 

1N3010 

140 

18 

125 

1,400 

1.0 

58 

5 

106.4 

100.8 

1N3011 

150 

17 

175 

1,500 

1.0 

54 

5 

1 14.0 

108.0 

1N3012 

160 

16 

200 

1,600 

1.0 

50 

5 

121.6 

115.2 

1N3014 

180 

14 

260 

1,850 

1.0 

45 

5 

136.8 

129.6 

1N3015 

200 

12 

300 

2,000 

1.0 

40 

5 

152.0 

144.0 


SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details) 


*V R1 “ Test Voltage for 5% Tolerance Device. V R2 - Test Voltage for 10% Tolerance 
Device. No Leakage Specified as 20% Tolerance Device. 


1n3016 thru 1n3051 

For Specifications, See 1N3821 Data. 
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1n3154, A (SILICON) 

thru 

in3157, A 

Temperature-compensated zener reference diodes util- 
izing an oxide-passivated junction for long-term voltage 
stability. RamRod construction provides a rugged, glass- 
enclosed, hermetically sealed structure. 

MAXIMUM RATINGS 

Junction Temperature: -55to+175°C 

Storage Temperature: -65to+175°C / 

DC Power Dissipation: 500 mW @ Ta = 25°C 

MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed, all-glass 

DIMENSIONS: See outline drawing. 

FINISH: All external surfaces are corrosion resistant and leads are readily sold- 
erable and weldable. 

POLARITY: Cathode indicated by polarity band. 

WEIGHT: 0.2 Gram(approx) 

MOUNTING POSITION: Any 



CASE 51 

(DO-7) 


ELECTRICAL CHARACTERISTICS (T a = 25 °C unless otherwise noted) 


JEDEC 

Type No. 

(Note 1) 

Maximum 

Voltage 

Change 

AV Z (Volts) 

(Note 2) 

Ambient 

Test 

Temperature 

°C 

±1°C 

Temperature 

Coefficient 

'l/°c 

(Note 2) 

Maximum 

Dynamic 

Impedance 

Z ZT (Ohms) 

(Note 3) 

V z = 8.4 V ±5.0%* @ I ZT = 10 mA 

1N3154 

0. 130 

-55, 0, +25, +75, +100 

0. 01 

15 

1N3155 

0.065 

0.005 

1N3156 

0.026 

0. 002 

1N3157 

0.013 

0. 001 

1N3154A 

0. 172 

-55, 0, +25, +75, 

+100, +150 

0. 01 

15 

1N3155A 

0. 086 

0. 005 

1N3156A 

0. 034 

0. 002 

1N3157A 

0. 017 

0.001 


*Tighter-tolerance units available on special request. 
CAPACITANCE (C) = 20 to 180 pF @ 90% of V z 
FORWARD BREAKDOWN VOLTAGE (V f ) = 100 to 800 V 
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1N3154, A thru 1N3157, A (continued) 


MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 

(with l 2T = 10 m A ±0.01 mA) (See Note 4) 

1 N3154 thru 1N3157 

FIGURE la FIGURE 1b 




ta, ambient TEMPERATURE (°C) 


MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 

(with l ZT - 10 mA ±0.01 mA) (See Note 4) 


FIGURE 2a 


1N3154A thru 1N3157A 



FIGURE 2b 



Ta, ambient TEMPERATURE (°C) 
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MAXIMUM NOISE (/iVrms) IZ, ZENER CURRENT (mA) 


1 N3 1 54, A thru 1 N3 1 57 , A (continued) 


FIGURE 3 - ZENER CURRENT versus MAXIMUM 
VOLTAGE CHANGE (at specified temperatures) 
(See Note 5) 


FIGURE 4 - MAXIMUM ZENER IMPEDANCE 
versus ZENER CURRENT 

(See Note 3) 



aVz, MAXIMUM VOLTAGE CHANGE (mV) 

(Referenced to l£T =10 mA) 



1.0 5.0 10 20 30 40 

IZ, ZENER CURRENT (mA) 


FIGURE 5 - DISTRIBUTION OF MAXIMUM GENERATED NOISE 



f C( CENTER FREQUENCY (kHz) 


NOTE 1: 

Types 1N3154 thru 1N3157 are available to Ml L-S-1 9500/1 58 
NOTE 2: 

Voltage Variation (aV^) and Temperature Coefficient. 

All reference diodes are characterized by the "box method". This 
guarantees a maximum voltage variation (aV^) over the specified 
temperature range, at the specified test current (IzT^ verified by 
tests at indicated temperature points within the range. This method 
of indicating voltage stability is now used for JEDEC registration as 
well as for military qualification. The former method of indicating 
voltage stability — by means of temperature coefficient — accurately 
reflects the voltage deviation at the temperature extremes, but is not 
necessarily accurate within the temperature range because reference 
diodes have a nonlinear temperature relationship. The temperature 
coefficient, therefore, is given only as a reference. 

NOTE 3: 

Zener Impedance Derivation* 

The dynamic zener impedance, is derived from the 60-Hz ac 

voltage drop which results when an ac current with an rms value 
equal to 10% of the dc zener current, l^y, is superimposed on l^y. 


Curves showing the variation of zener impedance with zener current 
for each series are given in Figure 4. A cathode-ray tube curve-trace 
test on a sample basis is used to ensure that each zener characteristic 
has a sharp and stable knee region. 

NOTE 4: 

These graphs can be used to determine the maximum voltage change 
of any device in the series over any specific temperature range. For 
example, a temperature change from 0 to +50°C will cause a volt- 
age change no greater than +42 mV or -42 mV for 1N3154, as 
illustrated by the dashed lines in Figure 1. The boundaries given are 
maximum values. For greater resolution,, expanded views of the 
shaded areas in Figures la and 2a are shown in Figures 1b and 2b 
respectively. 

NOTE 5: 

The maximum voltage change, aV;z, in Figure 3 is due entirely to 
the impedance of the device. If both temperature and Izt are varied, 
then the total voltage change may be obtained by adding aVz in 
Figure 3 to the aVz in Figure 1 or 2 for the device under considera- 
tion. If the device is to be operated at some stable current other 
than the specified test current, a new set of characteristics may be 
plotted by superimposing the data in Figure 3 on Figure 1 or 2. 
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tn 3189 thru 1 n3191 

Obsolete, discontinued types, replace with devices from the 1N4001 series. 


1N3208thru 1 n3212 (SILICON) 


CASE 42 

(DO-5) 



Medium-current silicon rectifiers. Cathode con- 
nected to case, but reverse polarity (anode-to-case 
connection) also available by adding suffix "R" to type 
number, e. g. 1N3208R. Supplied with mounting hard- 
ware. 


MAXIMUM RATINGS 


Rating 

Symbol 

1N3208 

1N3208R 

1N3209 

IN3209R 

1N3210 

1N3210R 

1N3211 

1N3211R 

1N3212 

1N3212R 

Unit 

D C Blocking Voltage 

V R 

50 

100 

200 

300 

400 

Volts 

RMS Reverse Voltage 

V r 

35 

70 

140 

210 

280 

Volts 

Average Half-Wave Rectified 
Forward Current With Re- 
sistive Load 

V 

15 

15 

15 

15 

15 

Amp 

Peak One Cycle Surge Current 
(60 cps & 25° C Case Temp) 

^FM (surge) 

250 

250 

250 

250 

250 

Amp 

Operating Junction Tempera- 
ture 

t j 

-65 to + 175 

°C 

Storage Temperature 

T stg 

-65 to + 175 

°C 


*T C = 150° C 


ELECTRICAL CHARACTERISTICS (All Types) at 25 6 C Case Temp. 


Characteristic 

Symbol 

Value 

Unit 

Maximum Forward Voltage at 40 Amp D-C Forward 
Current 

V 

1. 5 

Volts 

Maximum Reverse Current at Rated D-C Reverse 

Voltage 


1.0 

mAdc 

Typical Thermal Resistance, Junction To Case 

*JC 

1.7 

C/W 
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in3213,in3214 


For Specifications, See 1N248B Data. 


1N3282thro1N3286 (SILICON) 


CASE 51 

(DO-7) 



Low-current silicon rectifiers for applications re- 
quiring extremely high reverse - voltage capability. 
Hermetically sealed, subminiature glass package, 
offering excellent stability and reliability under envi- 
ronmental extremes. 


MAXI MUM RATI NGS (At 60 cps Sinusoidal Input, Resistive or Inductive Load) 


Rating 

Symbol 

1N3282 

1N3283 

1N3284 

1N3285 

1N3286 

Unit 

Peak Repetitive Reverse 
Voltage 

V RM(rep) 

1000 

1500 

B 


3000 

Volts 

DC Blocking Voltage 

V R 



■ 




RMS Reverse Voltage 

V 

r 

700 

Ei^ 


1750 

2100 

Volts 

Average Half-Wave Rectified 








Forward Current 








(25° C Ambient) 

L 

100 


100 

100 

100 

mA 

(100° C Ambient) 

O 

50 

■a 

50 

50 

50 

mA 

Peak Surge Current 
(1/2-cycle, 60 Hz ) 

^FM (surge) 

2. 5 

2.5 

2.5 

2. 5 

2. 5 


Peak Repetitive Forward 
Current 

*FM(rep) 

0. 50 

0. 50 

0. 50 

0. 50 

0. 50 


Operating and Storage 

T t , t , 
y stg 



-65 to + 150 



Temperature Range 






■1 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Value 

Unit 

Maximum Forward Voltage Drop @ 100 mA, 

Continuous DC (25° C) 

V F 



Maximum Full-Cycle Average Forward Voltage 

Drop @ Rated Current (100° C) 

V F(AV) 

1.2 


Maximum Reverse Current @ Rated DC Voltage 

(25° C) 

l R 

1.0 

M 

(100°C) 


10.0 


Maximum Full -Cycle Average Reverse Current 
@ Max Rated PIV and Current (as Half-Wave 
Rectifier, Resistive Load, i00°C) 

*R(AV) 

10.0 


Typical Thermal Resistance, Junction to Ambient 

°JA 

400 

°C/W 
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lN3282thru 1N3286 (continued) 


I 


TYPICAL FORWARD CHARACTERISTICS 

(FOR ALL TYPES) 

100 

90 
80 
70 
60 
50 
40 
30 
20 
10 
0 

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 

V P , FORWARD VOLTAGE DROP (VOLTS) 



MAXIMUM ALLOWABLE DC OUTPUT 

(SINGLE-PHASE RESISTIVE OR INDUCTIVE LOAD) 



1N3305 thru in3350 

For Specifications, see 1N2804 Data. 
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in3491 thru 1 n3495 (SILICON) 

(MR322 thru MR328) 

MR330, MR331 



Medium-current silicon rectifiers - compact, highly 
efficient silicon rectifiers for medium-current appli- 
cations. 


MAXIMUM RATINGS 


Rating 

Symbol 

1N3491 

MR322 

1N3492 

MR323 

1N3493 

MR324 

1N3494 

MR325 

1N3495 

MR326 

MR327 

MR328 

MR330 

MR331 

Unit 

Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

V RM(rep) 

v RM(wkg) 

V R 

50 

100 

200 

300 

400 

500 

600 

800 

- 

1000 

Volts 

Non-Repetitive Peak Reverse Voltage 
(halfwave, single phase, 

60 cycle peak) 

v RM(non-rep) 

100 

200 

300 

400 

500 

600 

720 

1000 

1200 

Volts 

RMS Reverse Voltage 

v r 

35 

70 

140 

210 

280 

350 

420 

560 

700 

Volts 

Average Rectified Forward Current 
(single phase, resistive load, 

60 Hz , see Figure 3) T c = 130°C 


25 

Amp 

Non-Repetitive Peak Surge Current 
(surge applied at rated load 
conditions, see Figure 5) 

I FM(surge) 

300 (for 1/2 cycle) 

Amp 

I 2 t Rating (non- repetitive, for t 
greater than 1 ms and less 
than 8.3 ms) 

I 2 t 

375 

W >K 

Operating and Storage Junction 
Temperature Range 

Tj ’ T stg 

-65 to +175 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

e JC 

1.2 

°C/Watt 


MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed construction. 

FINISH: All external surfaces corrosion-resistant and the terminal lead is readily 
solderable. 

POLARITY: CATHODE TO CASE (reverse polarity units are available upon request and 
are designated by an “R” suffix i.e. MR327R or 1N3491R). 

MOUNTING POSITIONS: Any. 
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i F , INSTANTANEOUS FORWARD CURRENT (AMP) 


1N3491 thru 1N3495 (continued) 


ELECTRICAL CHARACTERISTICS 


Characteristic and Conditions 

Symbol 

Max 

Unit 

Full Cycle Average Forward Voltage Drop 
(rated I q and V r , single phase, 60 Hz, T c = 150°C) 

V F(AV) 

0.6 

Volts 

Instantaneous Forward Voltage Drop 
(1 F = 100 Amps, Tj = 25°C) 

V F 

1.5 

Volts 

Full Cycle Average Reverse Current 
(rated Iq and V r , single phase, 60 Hz, Tq = 150°C) 
1N3491/MR322 

1N3492/MR323 

1N3493/MR324 

1N3494/MR325 

1N3495/MR326 

MR327 

MR328 

MR330 

MR331 

J R(AV) 

10 

10 

8.0 

6.0 

4.0 

3.0 

2.5 

2.0 

1.5 

mA 

DC Reverse Current 
(Rated V R , T c = 25°C) 

Ir 

1.0 

mA 
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1N3491 thru 1N3495 (continued) 


FIGURE 3 - MAXIMUM CURRENT RATINGS 



60 Hz, RESISTIVE OR INDUCTIVE LOAD 



T c , CASE TEMPERATURE (°C) 


FIGURE 4- MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE 




FIGURE 5- MAXIMUM ALLOWABLE SURGE CURRENT 



SURGE APPLIED AT RATED 

L0AD C0N0m0N $ 

V RM (r. P ) APPLIED AFTER SURGE 

, NON-REPETITIVE (MAX 500 SURGES DURING DEVICE LIFETIME) _| — | — | — 

, REPETITIVE (UNLIMITED NUMBER OF SURGES, Tj < 175°C BEFORE SURGE APPLIED) 


CYCLES AT 60 Hz 






Cj, CAPACITANCE (pF) _ RELATIVE EFFICIENCY (%) 


1 N3491 thru 1 N3495 (continued) 


TYPICAL DYNAMIC CHARACTERISTICS 
FIGURE 6 — RECTIFICATION EFFICIENCY FIGURE 7 - REVERSE RECOVERY TIME 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


REPETITION RECOVERY (kHz) 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

Ir/If, RATIO OF REVERSE TO FORWARD CURRENT 


FIGURE 8 -JUNCTION CAPACITANCE 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

V R , REVERSE VOLTAGE (VOLTS) 



1.0 2.0 3.0 5.0 7.0 10 

i F , FORWARD PULSE CURRENT (AMPS) 


TYPICAL THERMAL 
RESISTANCE, CASE 
TO SINK, = 0.2°C/W 

SHOULDER RING 



-I |— 0 449 > 0 001 DIA 

HEATSINK MOUNTING 



THIN-CHASSIS MOUNTING 


MOUNTING PROCEDURES 


MR322-MR331 and 1N3491-1N3495 rectifiers are designed to be press-fitted in a heat sink in 
order to attain full device ratings. Recommended procedures for this type of mounting are as follows : 

1. Drill a hole in the heat sink 0.499 ± .001 inch in diameter. 

2. Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it is 
pressed into the hole. 

3. The depth and width of the break should be O.OIO inch maximum to retain maximum heat sink 
surface contact. 

4. To prevent damage to the rectifier during press-in, the pressing force should be applied only on 
the shoulder ring of the rectifier case as shown in the figure. 

5. The pressing force should be applied evenly about the shoulder ring to avoid tilting or canting 
of the rectifier case in the hole during the press-in operation. Also, the use of a light industrial 
lubricant will be of considerable aid. 
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in3580. A, B thru in3583. A, B 

For Specifications, See 1N2163 Data. 


in3649,in3650 


Obsolete, discontinued types, replace with devices from the MR 1 120 series. 


lN3659thru 1N3663 (SILICON) 

Low-cost silicon rectifiers in hermetically sealed, 
press-fit case, designed for operation under severe 
environmental conditions. Cathode connected to case, 
but available with reverse polarity by adding suffix 
"R" to type number. 


MAXIMUM RATINGS (T c = 25 °C unless otherwise noted) 


Rating 

Symbol 

1N3659 

1N3659R 

1N3660 

1835608 

1N3661 

1N3661R 

1N3662 

1N3662R 

1N3663 

1N3663R 

Units 

Peak Repetitive Reverse Voltage 

DC Blocking Voltage 


50 

100 

200 

300 

400 

Volts 

RMS Reverse Voltage 

V r 

35 

70 

140 

210 

280 

Volts 

Average Half-Wave Rectified For- 
ward Current with Resistive Load 
@ 100°C case 
@ 150°C case 

x o 

30 

25 

Amp 

Amp 

Peak One Cycle Surge Current 
(150°C case temp, 60 Hz ) 

I FM(surge) 

400 

Amp 

Operating Junction Temperature 

t j 

— 65 to +175 

°C 

Storage Temperature 

T stg 

-65 to +200 

°C 



ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

1N3659 

1N3659R 

1N3660 

1N3G60R 

1N3661 

1N3661R 

1N3662 

1N3662R 

1N3663 

1N3663R 

Unit 

Maximum Forward Voltage 
at 25 Amp DC Forward Current 

V F 

1.2 

1.2 

1.2 

B 

1.2 

Volts 

Maximum Full Cycle Average 
Forward Voltage Drop @ Rated 

PIV and Current 

V F(AV) 

0.7 

0.7 

0.7 

0.7 

0.7 

Volts 

Maximum Full Cycle Average 
Reverse Current @ Rated PIV and 
Current (as half-wave rectifier, 
resistive load, 150°C) 

J R(AV) 

5.0 

4.5 

4.0 

3.5 

3.0 

mA 

Thermal Resistance 

0JC 

1.0 

°C/W 
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1N3659 thru 1N3663 (continued) 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

V„ FORWARD VOLTAGE (VOLTS) 



0 50 100 150 200 

T c , CASE TEMPERATURE (°C) 


1N3659-1N3663 rectifiers are designed for press-fitted mounting in a heat sink. Recommended 
procedures for this type of mounting are as follows: 


1. Drill a hole in the heat sink 0. 499 ± . 001 inch in diameter. 

2. Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it is press- 
ed into the hole. 

3. The depth of the break should be 0.010 inch maximum to retain maximum heat sink surface contact 
with the knurled rectifier surface. 

4. Width of the break should be 0. 010 inch as shown. 


These procedures will allow proper entry of the rectifier knurled surface, provide good rectifier- heat 
sink surface contact, and assure reliable rectifier operation. If the break is made too deep, thereby reduc- 
ing contact area for heat transfer, reliability of operation will be impaired. 

These devices can be mounted in a thin chassis by inserting the rectifier through an additional heat sink 
plate which is mounted in intimate contact with the upper side of the chassis. This provides additional con- 
tact area for the rectifier knurled edge, as well as additional heat sink capacity. 




THINCHASSIS MOUNTING 
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in3675 thru 1N3703 (SILICON) 



Recommended for applications requiring an exact replacement only. 
For new designs and industry preferred replacement devices, see 
1N4728 series. 
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1N3785 thru 1N3820 



Low silhouette single-ended package for printed cir- 
cuit or socket mounting. Cathode connected to case. 


MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C. 

D C Power Dissipation: 1. 5 Watts at 25°C Ambient. (Derate 10 mW/°C). 

The type numbers shown have a standard tolerance of ±20% on the zener volt- 
age. Standard tolerances of ±10% and ±5% on individual units are also available 
and are indicated by suffixing "A M for±10%and M B"for ±5% units to the standard 
type number. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 
Vf= 1.5 V max @ 300 mA 


Type No. 

Nominal 

Zener Voltage @l n 

(Si) Volts 


Max Zener Impedance 

Max DC Zener 
Current 

(l ZM ) mA 

Reverse Leakage Current* 

Typical 

Zener 

Voltage 

Temp. Coeff. 

%/°C 

Zn@ln 

ohms 

Zz R @ Izu 
ohms 

mA 

In Max 
(M) 

m 

m 

1N3785 

mam 

55 

2. 7 

700 

1.0 

195 

150 

5.2 

4.9 

.040 

1N3786 


50 

3.0 

700 

0. 5 

175 

75 

5.7 

5.4 

.045 

1N3787 


46 

3. 5 

700 

0. 5 

155 

50 

6. 2 

5.9 

.048 

1N3788 

9. 1 

41 

4.0 

700 

0. 5 

140 

25 

6.9 

6.6 

.051 

1N3789 


37 

5 

700 

0. 25 

125 

10 

7.6 

7. 2 

.055 

1N3790 

■ 


ID 

700 

0. 25 

115 

5 

8. 4 

8.0 

.060 

1N3791 




700 

0. 25 

105 

5 

9. 1 

8. 6 

.065 

1N3792 




700 

0. 25 

98 

5 

9.9 

9.4 

.065 

1N3793 



10 

700 

0. 25 

85 

5 

11. 4 

10. 8 

. 070 

1N3794 



11 

700 

0. 25 

80 

5 

12. 2 

11. 5 

.070 

1N3795 

18 

21 

13 

750 

0. 25 

70 

5 

13.7 

13. 0 

. 075 

1N3796 

20 

19 

15 

750 

0. 25 

62 

5 

15.2 

14.4 

.075 

1N3797 

22 

17 

16 

750 

0. 25 

56 

5 

16. 7 

15.8 

.080 

1N3798 

24 

16 

17 

750 

0. 25 

51 

5 

18. 2 

17. 3 

.080 

1N3799 

27 

14 

20 

750 

0. 25 

46 

5 

20. 6 

19. 4 

.085 

1N3800 

30 

12 

25 

1,000 

0. 25 

41 

5 

22. 8 

21. 6 

.085 

1N3801 

33 

11 

30 

1,000 

0. 25 

38 

5 

25. 1 

23. 8 

.085 

1N3802 

36 

10 

35 

1,000 

0. 25 

35 

5 

27.4 

25.9 

.085 

1N3803 

39 

10 

40 

1,000 

0. 25 

31 

5 

29. 7 

28. 1 

.090 

1N3804 

43 

9.0 

45 

1,500 

0. 25 

28 

5 

32. 7 

31. 0 

.090 

1N3805 

47 

8.0 

55 

1,500 

0. 25 

26 

mm 

35. 8 

33. 8 

. 090 

1N3806 

51 

7.4 

65 

2,000 

0. 25 



38. 8 

36. 6 

.090 

1N3807 

56 

6. 7 

75 

2,000 

0. 25 


BHh H 

42.6 

40. 3 

.090 

1N3808 

62 

6. 0 

85 

2,000 

0. 25 

■ 

•' / 

47. 1 

44. 6 

.090 

1N3809 

68 

5. 5 

95 

2,000 

0. 25 



51. 7 

49. 0 

. 090 

1N3810 

75 

5. 0 

110 

2,000 

0. 25 


mm 

56.0 

54.0 


1N3811 

82 

4. 5 

130 

3,000 

0. 25 

H 


62.0 

59. 0 


1N3812 

91 

4. 1 

150 

3,000 

0. 25 

■ 


69. 2 

65. 5 


1N3813 

100 

3. 7 

200 

3,000 

0. 25 



76. 0 

72.0 

■ 

1N3814 


3.4 

300 

4,000 

0.25 



83. 6 

79. 2 


1N3815 

120 

3. 1 

350 

4,500 

0.25 

10. 5 

5 

91. 2 

86.4 

. 095 

1N3816 

130 

2.9 

400 

5,000 

0. 25 

9. 0 

5 

98. 8 

93. 6 

.095 

1N3817 

150 

2. 5 

700 

6,000 

0. 25 

8. 0 

5 

114. 0 

108.0 

. 095 

1N3818 

160 

2.3 

750 

6, 500 

0.25 

8.0 

5 

121. 8 

115.0 

.095 

1N3819 

180 

2. 1 

800 

7,000 

0.25 

7.0 

5 

137.0 

130.0 

.095 

1N3820 

200 

1.9 

1,000 

8,000 

0. 25 

6.0 

5 

152. 0 

144.0 

. 100 


SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details) 

1 — Nominal zener voltages between those shown. 

2 — Matched sets: (Standard Tolerances are ±5.0%, ±3.0%, ±2.0%, ±1.0%) depending on voltage per device. 

a. Two or more units for series connection with specified tolerance on total voltage. Series matched sets make possible higher 
zener voltages and provide lower temperature coefficients, lower dynamic impedance and greater power handling ability. 

b. Two or more units matched to one another with any specified tolerance. 

3 — Tight voltage tolerances: 1.0%, 2.0%, 3.0%. 

* V R1 ~ Test Voltage for 5% Tolerance Device. Vp^ — Test Voltage for 10% Tolerance 
Device. No Leakage Specified as 20% Tolerance Device. 
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1n3821 thru 1n3830 (SILICON) 

SERIES 

(1M3.3AZ10 thru 1M7.5AZ10) 

1n3016 thru 1n3051 


SERIES 

(TM6.8Z thru 1M200Z) 


Designers Data Sheet 


1.0 WATT METAL SILICON ZENER DIODES 

... a complete series of 1.0 Watt Zener Diodes with limits and 
operating characteristics that reflect the superior capabilities of 
silicon-oxide-passivated junctions. All this in an axial-lead, metal 
package offering protection in all common environmental conditions. 

• To 100 Watts Surge Rating @ 10 ms 

• Maximum Limits Guaranteed on Five Electrical Parameters 

• Power Capability to Ml L-S- 19500 Specifications 

Designer's Data for "Worst Case” Conditions 

The Designers Data sheets permit the design of most circuits entirely from the in- 
formation presented. Limit curves — representing boundaries on device characteris- 
tics - are given to facilitate "worst case" design. 


♦MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

DC Power Dissipation @T/\ = 25°C 

PD 

1.0 

Watt 

Derate above 25°C (See Figure 1 ) 


6.67 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J« T stg 

-65 to +175 

°C 

Lead Temperature 230°C at a distance not less than 1/16' 

' from the case for 10 seconds. 


1.0 WATT 

ZENER REGULATOR DIODES 
3.3-200 VOLTS 



MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed metal and glass. 

DIMENSIONS: See outline drawing. 

FINISH: All external surfaces are corrosion-resistant and leads are readily solderable 
and weldable. 

POLARITY: Cathode connected to the case. When operated in zener mode, cathode will 
be positive with respect to anode. 

WEIGHT: 1 .4 Grams (approx) 

MOUNTING POSITION: Any 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 



0 20 40 60 80 100 120 140 160 180 200 

T|_, LEAD TEMPERATURE (°C) 



* Indicates JEDEC Registered Data. 
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1N3821 thru 1N3830, 1N3016thru 1N3051 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 
Vp = 1.5 V max @ Ip = 200 mA for all types 


JEDEC 

Type No. 
(Flangeless) 
(Note 1 & 2) 

•Nominal 
Zener Voltage 
V Z @IZT 
Volts 
(Note 3) 

•Test 

Current 

•ZT 

mA 

•Max Zener Impedance 
(Note 4) 

Max Reverse Current 
(Note 5) 

•Max DC Zener 
Current 
l ZM mA 
(Note 6) 

z 2 t@Izt 

Ohms 

ZZK@*ZK 

Ohms 

«ZK 

mA 

Ip Max 
(pA) 

VR1 

5% 

VR2 

10% 

1N3821 

3.3 

76 

10 

400 

1.0 

*100 

*1.0 

1.0 

276 

1N3822 

3.6 

69 

10 

400 

1.0 

*100 

*1.0 

1.0 

252 

1N3823 

3.9 

64 

9.0 

400 

1.0 

*50 

*1.0 

1.0 

238 

1N3824 

4.3 

58 

9.0 

400 

1.0 

*10 

*1.0 

1.0 

213 

1N3825 

4.7 

53 

8.0 

500 

1.0 

*10 

*1.0 

1.0 

194 

1N3826 

5.1 

49 

7.0 

550 

1.0 

*10 

*1.0 

1.0 

178 

1N3827 

5.6 

45 

5.0 

600 

1.0 

*10 

*2.0 

2.0 

162 

1N3828 

6.2 

41 

2.0 

700 

1.0 

*10 

*3.0 

3.0 

146 

1N3829 

6.8‘ 

37 

1.5 

500 

1.0 

*10 

*3.0 

3.0 

133 

IN 3830 

7.5 

34 

1.5 

250 

1.0 

*10 

*3.0 

3.0 

121 

1N3016 

6.8 

37 

3.5 

700 

1.0 

10 

5.2 

4.9 

140 

1N3017 

7.5 

34 

4.0 

700 

0.5 

10 

5.7 

5.4 

125 

1N3018 

8.2 

31 

4.5 

700 

0.5 

10 

6.2 

5.9 

115 

1N3019 

9.1 

28 

5.0 

700 

0.5 

7.5 

6.9 

6.6 

105 

1N3020 

10 

25 

7.0 

700 

0.25 

5.0 

7.6 

7.2 

95 

IN 3021 

11 

23 

8.0 

700 

0.25 

5.0 

8.4 

8.0 

85 

1N3022 

12 

21 

9.0 

700 

0.25 

2.0 

9.1 

8.6 

80 

1N3023 

13 

19 

10 

700 

0.25 

1.0 

9.9 

9.4 

74 

1N3024 

15 

17 

14 

700 

0.25 

1.0 

11.4 

10.8 

63 

1N3025 

16 

15.5 

16 

700 

0.25 

1.0 

12.2 

11.5 

60 

1N3026 

18 

14 

20 

750 

0.25 

0.5 

13.7 

13.0 

52 

1N3027 

20 

12.5 

22 

750 

0.25 

0.5 

15.2 

14.4 

47 

1N3028 

22 

11.5 

23 

750 

0.25 

0.5 

16.7 

15.8 

43 

1N3029 

24 

10.5 

25 

750 

0.25 

0.5 

18.2 

17.3 

40 

1N3030 

27 

9.5 

35 

750 

0.25 

0.5 

20.6 

19.4 

34 

IN 3031 

30 

8.5 

40 

1000 

0.25 

0.5 

22.8 

21.6 

31 

1N3032 

33 

7.5 

45 

1000 

0.25 

0.5 

25.1 

23.8 

28 

IN 3033 

36 

7.0 

50 

1000 

0.25 

0.5 

27.4 

25.9 

26 

1N3034 

39 

6.5 

60 

1000 

0.25 

0.5 

29.7 

28.1 

23 

1N3035 

43 

6.0 

70 

1500 

0.25 

0.5 

32.7 

31.0 

21 

IN 3036 

47 

5.5 

80 

1500 

0.25 

0.5 

35.8 

33.8 

19 

IN 3037 

51 

5.0 

95 

1500 

0.25 

0.5 

38.8 

36.7 

18 

IN 3038 

56 

4.5 

110 

2000 

0.25 

0.5 

42.6 

40.3 

17 

1N3039 

62 

4.0 

125 

2000 

0.25 

0.5 

47.1 

44.6 

15 

IN 3040 

68 

3.7 

150 

2000 

0.25 

0.5 

51.7 

49.0 

14 

1 N 3041 

75 

3.3 

175 

2000 

0.25 

0.5 

56.0 

54.0 

12 

IN 3042 

82 

3.0 

200 

3000 

0.25 

0.5 

62.2 

59.0 

11 

IN 3043 

91 

2.8 

250 

3000 

0.25 

0.5 

69.2 

65.5 

10 

IN 3044 

100 

2.5 

350 

3000 

0.25 

0.5 

76.0 

72.0 

9.0 

1N3045 

110 

2.3 

450 

4000 

0.25 

0.5 

83.6 

79.2 

8.3 

IN 3046 

120 

2.0 

550 

4500 

0.25 

0.5 

91.2 

86.4 

8.0 

1N3047 

130 

1.9 

700 

5000 

0.25 

0.5 

98.8 

93.6 

6.9 

IN 3048 

150 

1.7 

1000 

6000 

0.25 

0.5 

114.0 

108.0 

5.7 

IN 3049 

160 

1.6 

1100 

6500 

0.25 

0.5 

121.6 

115.2 

5.4 

IN 3050 

180 

1.4 

1200 

7000 

0.25 

0.5 

1 36.8 

129.6 

4.9 

1N3051 

200 

1.2 

1500 

8000 

0.25 

0.5 

152.0 

144.0 

4.6 


* JEDEC Registered Data on 1N3821 thru 1N3830and 1N3016thru 1N3051 


NOTE 1 - TOLERANCE AND TYPE NUMBER DESIGNATION 

1N3821 thru 1N3830 - The JEDEC type numbers shown have a 
standard tolerance for the nominal zener voltage of ±10%. A 
standard tolerance of ±5% for individual units is also available and 
is indicated by adding suffix "A" to the standard type number. 

1N3016 thru 1N3051 - The JEDEC type numbers shown have a 
standard tolerance of ±20% for the nominal zener voltage. Suffix 
"A” for ±10% units or "B” for ±5% units. 

NOTE 2 - SPECIALS AVAILABLE INCLUDE: 

(A) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT- 
AGES SHOWN AND TIGHTER VOLTAGE TOLER- 
ANCES: To designate units with zener voltages other than 
those assigned JEDEC numbers and/or tight voltage toler- 
ances (±3%, ±2%, ±1%), the Motorola type number should 


be used. 
1 

M 

5.1 

A 

Z 

3 

Device 

T 

T 

Nominal 

~T 

1N3821 

T 

Zener 

T 

Tolerance 

Description — * 

Motorola 

Voltage 

thru 

Diode 

(±%) 



IN 3830 




only 

EXAMPLE 1M5.1AZ3 


(B) MATCHED SETS: (Standard Tolerances are ±5.0%, ±2.0%, 

± 1 . 0 %). 


Zener diodes are available in sets consisting of two or more 
matched devices. The method for specifying matched sets 
is similar to the one described in (A) except that two addi- 
tional suffixes are added to the code number described. 


These devices are marked with code letters to identify the 
matched sets and, in addition, each unit in a set is marked 
with the same serial number, which is different for each 
set ordered. 


1 

T 

Device 

Description 


T T 5 “ 

iptton (ea * 


5 1 

Volts 


(each device) 


Motorola 


A 5 B 


1 N 382 1 
thru 
IN 3830 
only 


T 

Tolerance 
per device 
±5% (omit for 
±20% units) 


1 


Overall 
Tolerance 
of set (±1%) 


Code 

A — Not used 

EXAMPLE 1M51Z5B1 B — Two devices in series 

C — Three devices in series 
D — Four devices in series 
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1N3821 thru 1N3830, 1N3016thru 1N3051 (continued) 


(C) ZENER CLIPPERS: (Standard Tolerance±10% and±5%). 

Special clipper diodes with opposing Zener junctions built 
into the device are available by using the following nomen- 
clature: 


APPLICATION NOTE 

Since the actual voltage available from a given zener diode is 
temperature dependent, it is necessary to determine junction tem- 
perature under any set of operating conditions in order to calculate 
its value. The following procedure is recommended: 


1 M 7.5 

I T T 

Motorola 

Device Nominal 

Description Voltage 


A 


1N3821 

thru 

1N3830 

only 


Z 

T 

Zener 

Diodes 


Z 10 

T T 


Clipper 


Tolerance for each of 
the two Zener voltages 
(not a matching require- 
ment) 


Lead Temperature, T i_, should be determined from: 
t L = 0 LA P D + t A 

6 la is the lead-to-ambient thermal resistance (°C/W) and 
Pq is the power dissipation. The value for 0 |_a w '** var V 
and depends on the device mounting method. #i_a ' s 9 en 
erally 30-40°C/W for the various clips and tie points in 
common use and for printed circuit board wiring. 


Example: 1M7.5AZZ10 

NOTE 3 - ZENER VOLTAGE (V z ) MEASUREMENT 

Motorola guarantees the zener voltage when measured at 90 
seconds while maintaining the lead temperature (T |_) at 30°C± 1°C, 
3/8” from the diode body. 


The temperature of the lead can also be measured using a thermo- 
couple placed on the lead as close as possible to the tie point. The 
thermal mass connected to the tie point is normally large enough 
so that it will not significantly respond to heat surges generated in 
the diode as a result of pulsed operation once steady-state condi- 
tions are achieved. Using the measured value of T(_, the junction 
temperature may be determined by: 


NOTE 4 - ZENER IMPEDANCE (Z z ) DERIVATION 

The zener impedance is derived from the 60 cycle ac voltage, 
which results when an ac current having an rms value equal to 10% 
of thedc zener current (l Z j or l z «) is superimposed on l Z j or l z «. 

NOTE 5 - REVERSE LEAKAGE CURRENT l R 

Reverse leakage currents are guaranteed only for 5% and 10% 
zener diodes and are measured at Vr as shown in the Electrical 
Characteristics Table. 

NOTE 6 - MAXIMUM ZENER CURRENT RATINGS <I ZM ) 

1N3821 thru 1N3830 — Maximum zener current ratings are based 
on maximum voltage of 10% tolerance units. 

1N3016 thru 1N3051 — Maximum zener current ratings are based 
on maximum voltage of 5% tolerance units. 

NOTE 7 - SURGE CURRENT (i r ) 

Surge current is specified as the maximum allowable peak, non- 
recurrent square-wave current with a specified pulse width, PW. 
The data presented in Figures 8 and 9 may be used to find the 
maximum surge current for a square wave of any pulse width 
between 0.01 ms and 1000 ms. 


Tj = T|_ + AT jl 

ATjl is the increase in junction temperature above the lead 
temperature and may be found from Figure 6 for a train of 
power pulses ( L = 3/8 inch) or from F igure 7 for dc power. 

at JL = 0 JL p D 

For worst-case design, using expected limits of l z , limits of Pq 
and the extremes of Tj(ATj) may be estimated. Changes in voltage, 
V z , can then be found from: 

AV = 0 VZ ATj 

6 vz- the zener voltage temperature coefficient, is found from 
Figures 2 and 3. 

Under high power-pulse operation, the zener voltage will vary 
with time and may also be affected significantly by the zener resist- 
ance. For best regulation, keep current excursions as low as possible. 

Data of Figure 6 should not be used to compute surge capability. 
Surge limitations are given in Figure 8. They are lower than would 
be expected by considering only junction temperature, as current 
crowding effects cause temperatures to be extremely high in small 
spots resulting in device degradation should the limits of Figure 8 
be exceeded. 
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0V Z , TEMPERATURE COEFFICIENT (mV/°C) @ IZT 


1N3821 thru 1N3830, 1N3016thru 1N3051 (continued) 


TEMPERATURE COEFFICIENTS AND VOLTAGE REGULATION 

(90% OF THE UNITS ARE IN THE RANGES INDICATED) 


FIGURE 2 - TEMPERATURE COEFFICIENT-RANGE 
FOR UNITS TO 12 VOLTS 


FIGURE 3 - TEMPERATURE COEFFICIENT-RANGE 
FOR UNITS 10 TO 220 VOLTS 



3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 11 12 



Vz, ZENER VOLTAGE @ IZT (VOLTS) 


Vz, ZENER VOLTAGE @ IzT (VOLTS) 



2.0 3.0 5.0 10 20 30 50 100 200 


Vz, ZENER VOLTAGE AT IzT (VOLTS) 


FIGURE 5 - MAXIMUM REVERSE LEAKAGE 
(95% OF THE UNITS ARE BELOW THE VALUES SHOWN) 



3.0 5.0 10 30 50 100 150 200 


NOMINAL Vz (VOLTS) 
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0JL. JUNCTIQN-TO-LEAD THERMAL 
RESISTANCE (°C/W) 


1N3821 thru 1N3830, 1N3016thru 1N3051 (continued) 


FIGURE 6 - TYPICAL THERMAL RESPONSE L, LEAD LENGTH = 3/8 INCH 




1/8 1/4 3/8 1/2 5/8 3/4 7/8 1.0 


L, LEAD LENGTH TO HEAT SINK (INCH) 



2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 


Vz, ZENER VOLTAGE (VOLTS) 
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NORMALIZED SURGE POWER FACTOR 


1N3821 thru 1N3830, 1N3016thru 1N3051 (continued) 


FIGURE 9 - SURGE POWER FACTOR 



SQUARE WAVE PULSE WIDTH (ms) 


FIGURE 10 - TYPICAL CAPACITANCE 



Vr, REVERSE VOLTAGE (VOLTS) 
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in 3879 thru in3883 
MR 1366 


Designers Data Sheet 


STUD MOUNTED 

FAST RECOVERY POWER RECTIFIERS 

. . . designed for special applications such as dc power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 100 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 


FAST RECOVERY 
POWER RECTIFIERS 
50-600 VOLTS 
6 AMPERES 


Designer's Data for "Worst Case" Conditions 
The Designers Data sheets permit the design of most circuits entirely from the 
information presented. Limit curves — representing boundaries on device character- 
istics — are given to facilitate "worst case" design. 



•MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
OC Blocking Voltage 


Non-Repetitive Peak Reverse Voltage 


RMS Reverse Voltage 


Average Rectified Forward Current 
(Single phase, resistive load, 

T C = 100°C) 


Non-Repetitive Peak Surge Current 
(surge applied at rated load 
continuous) 


Operating Junction Temperature Range 


Storage Temperature Range 


V RRM 

Vrwm 

Vr 


1N3879 IN 3880 1N3881 1N3882 1N3883 MR1366 


Volts 

Volts 


THERMAL CHARACTERISTICS - 


Characteristic 


Thermal Resistance, Junction to Case 


Motorola guarantees the listed value, although parts having higher values of thermal resistance w 
Thermal resistance is not required by the JEDEC registration. 

•ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Instantaneous Forward Voltage 




1.5 

Volts 

(l F = 19 Amp, Tj = 150°C) 


- - - 

1.2 


Forward Voltage’ 

v F 




Volts 

(l F =6.0 Amp, T C = 25°C) 


- 

1.0 

1.2 


Reverse Current (rated dc voltage) Tc = 25°C 

•r 

- 

10 

15 

MA 

T c = 100°C 


- 

0.5 

1.0 

mA 


REVERSE RECOVERY CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Recovery Time 

*(I F m = L0 Amp to Vr = 30 Vdc, Figure 16) 

(IpM = 36 Amp, di/dt = 25 A/ps, Figure 17) 

*rr 

: 

100 

200 

200 

400 


Reverse Recovery Current 

‘(Ip = 1.0 Amp to Vr = 30 Vdc, Figure 16) 

'RMIREC) 

- 

- 

2.0 

Amp 



MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 
FINISH: All external surfaces corrosion 
resistant and readily solderable 
POLARITY: Cathode to Case 
WEIGHT: 5.6 Grams (approximately) 


* Indicates JEDEC Registered Data for 1 N3879 Series. 
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r(t), EFFECTIVE TRANSIENT THERMAL ip, INSTANTANEOUS FORWARD CURRENT (AMP) 

RESISTANCE (NORMALIZED) _ 


1N3879thru 1N3883, MR1366 (continued) 


FIGURE 1 - FORWARD VOLTAGE 



0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 

vf, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 



0 I 1 -1 L_L , 1.J L-L.l LI 1 1 I --1 !. i i J I 1J 

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

NUMBER OF CYCLES AT 60 Hz 


NOTE 1 



DUTY CYCLE, D = tp/tj 
PEAK POWER, Ppk, is peak of an 
equivalent square poyver pulse. 


To determine maximum junction temperature of the diode in a given situation, 
the following procedure is recommended. 


The temperature of the case should be measured using a thermocouple placed 
on the case at the temperature reference point (see Note 3). The thermal mass 
connected to the case is normally large enough so that it will not significantly 
respond to heat surges generated in the diode as a result of pulsed operation once 
steady-state conditionsare achieved. Using the measured value of Tc, the junction 
temperature may be determined by: 

Tj = Tc+ Tjc 

where Tjc is the increase in junction temperature above the case temperature. 
It may be determined by: 

A Tj C = P p k RdJC ID + (1 -D) • r(ti + t p ) + r(t p ) -r(ti)] 
where 

r(t) = normalized value of transient thermal resistance at time, t, from Figure 

3, i.e.: 

r (t -j + tp) = normalized value of transient thermal resistance at time ^ r t p . 


FIGURE 3 - THERMAL RESPONSE 
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1N3879 thru 1N3883, MR1366 (continued) 


SINE WAVE INPUT 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

lF(AV). AVERAGE FORWARD CURRENT (AMP) 


FIGURE 6 - CURRENT DERATING 


0 80 90 100 110 120 130 140 150 

Tc, CASE TEMPERATURE (°C) 



Vr, REVERSE VOLTAGE (VOLTS) 


SQUARE WAVE INPUT 

FIGURE 5 - FORWARD POWER DISSIPATION 




0 80 90 100 110 120 130 140 150 

Tc, CASE TEMPERATURE (°C) 



20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 


Tj, JUNCTION TEMPERATURE (°C) 
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Qr, RECOVERED STORED CHARGE (yjc) Or. RECOVERED STORED CHARGE (yuc) l fr. FORWARD RECOVERY TIME (^s) 


1N3879thru 1N3883, MR1366 (continued) 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 10 - FORWARD RECOVERY TIME 



1.0 2.0 5.0 10 20 50 100 

Ip, FORWARD CURRENT (AMP) 


FIGURE 11 - JUNCTION CAPACITANCE 



TYPICAL RECOVERED STORED CHARGE DATA 
FIGURE 12 - Tj = 25°C (SEE NOTE 2) FIGURE 13 - Tj = 75°C 




10 20 

50 

100 

1.0 

2.0 

5.0 10 

di/dt ( AMP/yjs) . 





di/dt, 1 (AMP/yus) 



1.0 2.0 5.0 10 20 50 100 

di/dt, (AMP/yus) 


FIGURE 15 - Tj = 150°C 



di/dt (AMP/yus) 



1N3879 thru 1N3883, MR1366 (continued) 


FIGURE 16 - REVERSE RECOVERY CIRCUIT 



A - TEKTRONIX 545A, K PLUG IN 

PRE AMP, P6000 PROBE OR EQUIVALENT 

Rl - ADJUSTED FOR 1.4S2BETWEEN 
POINT 2 OF RELAY AND RECTIFIER 
INDUCTANCE = 38 fxH 
R2 - TEN-1 W, 10 n, 1% CARBON CORE 
IN PARALLEL 

Ta = 25^J°C FOR RECTIFIER 

MINIMIZE ALL LEAD LENGTHS 

1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
RIPPLE = 3 mVrms MAX 
Z ou t= I’/j MAX, DC to 2 kHz 


FIGURE 17 - JEDEC REVERSE RECOVERY CIRCUIT 


Rl = 50 Ohms 
R2 = 250 Ohms 
D1 = 1N4723 
D2 = 1N4001 
D3 = 1N4933 
SCR1 = MCR729-10 
Cl =0.5 to 50 mF 
C2 = 4000 mF 
LI = 1.0-27 mH 



T1 = Variac Adjusts l(p«) and di/dt 
T2 = 1:1 


T3 = 1:1 (to trigger circuit) 



NOTE 2 


Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using Ip = 1.0 A, Vp = 30 V. In order to coverall circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 



From stored charge curves versus di/dt, recovery time (t rr ) 
and peak reverse recovery current Orm(REC)) can be closely 
approximated using the following formulas: 



'RMIREC) = 1-41 x [q r x di/dt] 1/2 
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1N3879 thru 1N3883, MR1366 (continued) 


NOTE 3 



CASE TEMPERATURE 
REFERENCE POINT 


INSULATING HARDWARE KIT 
AVAILABLE UPON REQUEST 


MICA WASHERS 
560 . 195 . 002 

.570 X .200 X .003 



NYLON BUSHING 
. 276 . 190 . 041 

.286 X .195 X .051 

F LAT WASHER 
Steel, Electro-deposited zinc 
■490 .21 5 .030 

.510 * .225 * .050 



SOLDER TERMINAL 
Copper, Electro deposited tin 
plate 

. 885 . 425 . 020 

.915 X .455 X .023 



LOCK WASHER 
Steel, Electro deposited zinc 
plate. Internal tooth 
.370 . 195 . 020 

.381 X .204 X .025 



NUT 

1018 Steel, Electro-deposited 

plate, 10-32NF 2 B 

.362 

Nom. across flats 


7/16 STUD (MH 745) 


■ 182 
.192 


Thick 


. 413 

.433 


across po 


CASE TO HEAT SINK THERMAL RESISTANCE 
UNDER VARIOUS CONDITIONS: 


Metal-to-Metal 

Mica Insulation 

Dry 

Lubrication 

Dry 

Lubrication 


0.22 


1.06 


Tc 




in 3889 thru in3893 


MR1376 


Designers Data Sheet 


STUD MOUNTED 

FAST RECOVERY POWER RECTIFIERS 

. . . designed for special applications such as dc power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 100 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 


Designer's Data for "Worst Case" Conditions 
The Designers Data sheets permit the design of most circuits entirely from the 
information presented. Limit curves — representing boundaries on device character- 
istics — are given to facilitate "worst case" design. 


•MAXIMUM RATINGS 


Rating 

Symbol 

1N3889 

1N3890 

1N3891 

1N3892 

IN 3893 

MR 1376 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

V RRM 

v RWM 

Vr 

50 

100 

200 

300 

400 

600 

Volts 

Non-Repetitive Peak Reverse 
Voltage 

Vrsm 

75 

150 

250 

350 

450 

650 

Volts 

RMS Reverse Voltage 

V R(RMS) 

35 

70 

140 

210 

280 

420 

Volts 

Average Rectified Forward 
Current (Single phase, resistive 
load,T c = 100°C) 

•o 


Amps 


Non-Repetitive Peak Surge 
Current (Surge applied at 
rated load conditions) 

>FSM 


Amp 

(one cycle) 

Operating Junction Temperature 
Range 

Tj 

65 to + *| r 0 ^ 

°c 


Storage Temperature Range 

T stg 


°C 



THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

2.0 

°C/W 


•ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Instantaneous Forward Voltage 

VF 




Volts 

(Ip = 38 Amp.Tj = 150°C) 

- 

1.2 

1.5 


Forward Voltage 

v F 




Volts 

(l F = 12 Amp, T C = 25°C) 


- 

1.0 

1.4 


Reverse Current (rated dc voltage) Tq = 25°C 

•r 

_ 

10 

15 

MA 

T C = 100°C 


- 

0.5 

1.0 

mA 


•REVERSE RECOVERY CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Recovery Time 

(Ip = 1.0 Amp to Vpt = 30 Vdc, Figure 16) 

(IpM = 36 Amp, di/dt = 25 A/ps, Figure 17) 

trr 

Z 

100 

200 

200 

400 

ns 

Reverse Recovery Current 

(Ip = 1.0 Amp to Vr = 30 Vdc, Figure 16) 

•RM(REC) 

- 

- 

2.0 

Amp 


FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
12 AMPERES 




•Dimension is a diameter 
All JEDEC dimensions and notes apply 


CASE 56B 
DO-4 


MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 
FINISH: All external surfaces corrosion 
resistant and readily solderable 
POLARITY: Cathode to Case 
WEIGHT: 5.6 grams (approximately) 


•Indicates JEDEC Registered Data for 1N3889 Series. 
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1N3889 thru 1N3893, MR1376 (continued) 


FIGURE 1 - FORWARD VOLTAGE 




1.0 2.0 3.0 5.0 10 20 30 50 100 

NUMBER OF CYCLES AT 60 Hz 


NOTE 1 



Ppk 

■ TIME 


OUTY CYCLE, D = t p /ti 
PEAK POWER, Ppk, is peak of an 
equivalent square power pulse. 


To determine maximum junction temperature of the diode in a given situation, 
the following procedure is recommended: 

The temperature of the case should be measured using a thermocouple placed 
on the case at the temperature reference point (see Note 3). The thermal mass 
connected to the case is normally large enough so that it will not significantly 
respond to heat surges generated in the diode as a result of pulsed operation once 
steady-state conditionsareachieved. Using the measured value of T c, the junction 
temperature may be determined by: 

Tj = Tc+ Tjc 

where Tjc is the increase in junction temperature above the case temperature. 
It may be determined by: 

A Tjc = Ppk -RtfJC ID + D - D) • r(t] + t p ) + r(t p ) - r(tf)l 
where 

r(t) = normalized value of transient thermal resistance at time, t, from Figure 
3, i.e.: 

r (tf + tp) = normalized value of transient thermal resistance at time t, * t p , 


FIGURE 3 - THERMAL RESPONSE 



t, TIME (ms) 
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p F(AV), AVERAGE FORWARD POWER 

1r, REVERSE CURRENT ( M A) l F(AV ), AVERAGE FORWARD CURRENT (AMP) DISSIPATION (WATTS) 


1N3889 thru 1N3893, MR1376 (continued) 


SINE WAVE INPUT | SQUARE WAVE INPUT 


FIGURE 4 - FORWARD POWER DISSIPATION I FIGURE 5 - FORWARD POWER DISSIPATION 



0 2.0 4.0 6.0 8.0 10 12 14 I 0 2.0 4.0 6.0 8.0 10 12 14 

I F (AV). AVERAGE FORWARD CURRENT (AMP) I lF(AV). AVERAGE FORWARD CURRENT (AMP) 


FIGURE 6 -CURRENT DERATING I FIGURE 7 - CURRENT DERATING 



Tc, CASE TEMPERATURE (°C) I Tc, CASE TEMPERATURE (°C) 


FIGURE 8 - TYPICAL REVERSE CURRENT 



Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 9 - NORMALIZED REVERSE CURRENT 



20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 


Tj, JUNCTION TEMPERATURE (°C) 
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Qr, RECOVERED STORED CHARGE (/ic) Qr, RECOVERED STORED CHARGE (mc) tfr, FORWARD RECOVERY TIME (ms) 


1N3889thru 1N3893, MR1376 (continued) 


TYPICAL DYNAMIC CHARACTERISTICS 



1.0 2.0 5.0 10 20 50 100 

If, FORWARD CURRENT (AMP) 


F IG U R E 1 1 - J U NCT I ON CAP AC I T ANC E 



TYPICAL RECOVERED STORED CHARGE DATA 


FIGURE 12 - Tj =• 25°C 


(See Note 2) 


FIGURE 13 - Tj = 75°C 



di/dt (AMP/ms) 



5.0 10 20 

di/dt, (AMP/jus) 



1.0 2.0 5.0 10 20 50 100 

di/dt, (AMP/ms) 



1.0 2.0 5.0 10 20 


di/dt (AMP/ms) 



1N3889thru 1N3893, MR1376 (continued) 


FIGURE 16 - REVERSE RECOVERY CIRCUIT 



A - TEKTRONIX 545A, K PLUG IN 

PRE-AMP, P6000 PROBE OR EQUIVALENT 

Rl - ADJUSTED FOR 1.4 BETWEEN 
POINT 2 OF RELAY AND RECTIFIER 
INDUCTANCE = 38 nH 
R2 - TEN-1 W, 10 U 1% CARBON CORE 
IN PARALLEL 

Ta = 25* 1 J°C FOR RECTIFIER 

MINIMIZE ALL LEAD LENGTHS 

1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
RIPPLE = 3 mVrms MAX 
Z out = 1% ft MAX, DC to 2 kHz 


FIGURE 17 - JEDEC REVERSE RECOVERY CIRCUIT 


Rl = 50 Ohms 
R2 = 250 Ohms 
D1 = 1N4723 
D2 = 1N4001 
03= 1N4933 
SCR1 = MCR729-10 
Cl =0.5 to 50 mF 
C2 * 4000 /uF 
LI = 1.0 - 27 /uH 
T1 = Variac Adjusts l(p«) and di/dt 
T2= 1:1 

T3 = 1:1 (to trigger circuit) 



NOTE 2 


Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using Ip = 1.0 A, Vr = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 



From stored charge curves versus di/dt, recovery time (t rr ) 
and peak reverse recovery current Orm(REC)) can be closely 
approximated using the following formulas: 


trr 


= 1.41 x 



1/2 


'RM(REC) = 1 41 x [q r x di/dt] 1/2 
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1N3889 thru 1N3893, MR1376 (continued) 


INSULATING HARDWARE KIT 
AVAILABLE UPON REQUEST 


NOTE 3 



CASE TEMPERATURE 
REFERENCE POINT 



NYLON BUSHING 
■ 276 . 190 . 041 

.286 X .195 X .051 

FLAT WASHER 
Steel, Electro -deposited zinc 
■490 ,215 ,030 

.510 X .225 X .050 


'D 


. 195 

.200 


, D 065 
.095 


SOLDER TERMINAL 
Copper, Electro-deposited tin 
plate 

■ 885 . 425 . 020 

.915 X .455 X .023 



LOCK WASHER 

Steel, Electro-deposited zinc 

plate,lnternal tooth 

.370 . 195 . 020 

.381 X .204 X .025 



NUT 

1018 Steel, Electro-deposited 

plate, 10 32NF 2 B 

.362 

— — Nom. across flats 


7/16 STUD (MH 745) 


. 182 

.192 


Thick 


. 413 

.433 


across pc 


CASE TO HEAT SINK 
THERMAL RESISTANCE UNDER 
VARIOUS CONDITIONS 


Metal -to-Metal 

Mica Insulation 

Dry 

Lubrication 

Dry 

Lubrication 

0.41 

0.22 

1.24 

1.06 


TORQUE: 15 IN-LBS 





1n 3899 thru 1N3903 
MR 1386 


Designers Data Sheet 


STUD MOUNTED 

FAST RECOVERY POWER RECTIFIERS 

. . . designed for special applications such as dc power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 100 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 


Designers Data for "Worst Case" Conditions 
The Designers Data sheets permit the design of most circuits entirely from the 
information presented. Limit curves — representing boundaries on device character- 
istics - are given to facilitate "worst case" design. 


•MAXIMUM RATINGS 


Rating 

Symbol 

1N3899 

IN 3900 

1N3901 

1N3902 

1N3903 

MR 1386 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Vrrm 

VrWM 

Vr 

50 

100 

200 

300 

400 

600 

Volts 

Non-Repetitive Peak Reverse 
Voltage 

YrsM 

75 

150 

250 

350 

450 

650 

Volts 

RMS Reverse Voltage 

V R(RMS) 

35 

70 

140 

210 

280 

420 

Volts 

Average Rectified Forward 
Current (Single phase, resistive 
load, T c = 100°C) 

•o 


Amps 


Non-Repetitive Peak Surge 
Current (surge applied at 
rated load conditions) 

'fsm 


Amps 

(one cycle) 

Operating Junction Temperature 
Range 

Tj 


°C 


Storage Temperature Range 

T stg 


°C 

0 


•THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.8 

°C/W 


•ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Instantaneous Forward Voltage 

V F 




Volts 

(l F =63Amp.Tj= 1 50°C) 


- 

1.2 

1.5 


Forward Voltage 

v F 




Volts 

(If = 20 Amp, T C = 25°C) 


- 

1.1 

1.4 


Reverse Current (rated dc voltage) Tc = 25°C 

•r 

- 

10 

25 

MA 

T C = 100°C 


- 

0.5 

1.0 

mA 


•REVERSE RECOVERY CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Recovery Time 

Vr 





(IF = 10 Amp to Vr = 30 Vdc, Figure 16) 


_ 

100 

200 


(IpM = 36 Amp, di/dt = 25 A//us, Figure 17) 


- 

200 

400 


Reverse Recovery Current 

*RM(REC) 




Amp 

(Ip = 10 Amp to Vr = 30 Vdc, Figure 16) 


- 

- 

2.0 



’Indicates JEDEC Registered Data for 1N3899 Series. 


FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
20 AMPERES 




•Dimension is a diameter, 
ill JEDEC dimensions and notes 


MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 

FINISH: All external surfaces corrosion 
resistant and readily solderable 

POLARITY: Cathode to Case 
WEIGHT: 17 Grams (Approximately) 
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iF, INSTANTANEOUS FORWARD CURRENT (AMP) 


1N3899 thru 1N3903, MR1386 (continued) 


FIGURE 1 - FORWARD VOLTAGE 


FIGURE 2 - MAXIMUM SURGE CAPABILITY 



0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 

vf, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 



NOTE 1 


R ppk — n Ppk 

L 


OUTY CYCLE, 0 = t p /ti 
PEAK POWER, Ppk, is peak of an 
equivalent square power pulse. 


To determine maximum junction temperature of the diode in a given situation, 
the following procedure is recommended: 


The temperature of the case should be measured using a thermocouple placed 
on the case at the temperature reference point (see Note 3). The thermal mass 
connected to the case is normally large enough so that it will not significantly 
respond to heat surges generated in the diode as a result of pulsed operation once 
steady-state conditionsare achieved. Using the measured value of Tc, the junction 
temperature may be determined by: 

Tj = Tc+ a Tjc 

where A Tjc is the increase in junction temperature above the case temperature. 
It may be determined by: 

A Tjc = Ppk -R0JC ID + (1 -D) * r(ti + t p ) + r(t p ) - r(tj)] 
where 

r(t) = normalized value of transient thermal resistance at time, t, from Figure 

3, i.e.: 

r (ti + tp) = normalized value of transient thermal resistance at time ti + t p . 


FIGURE 3 - THERMAL RESPONSE 



t.TIME (ms) 
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Ir, REVERSE CURRENT (mA) Ip(AV). AVERAGE FORWARD CURRENT (AMP) 


1N3899 thru 1N3903, MR1386 (continued) 


SINE WAVE INPUT 

FIGURE 4 - FORWARD POWER DISSIPATION 
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SQUARE WAVE INPUT 

FIGURE 5 - FORWARD POWER DISSIPATION 


CAPACITIVE LOADS 


WmwmK m 


msm 

Si 


ss 



Ip(AV). AVERAGE FORWARD CURRENT (AMP) 


Ip(AV)- AVERAGE FORWARD CURRENT (AMP) 


FIGURE 6 - CURRENT DERATING 

“i — rv - ! - RESISTIVE-INDUCTIVE 


FIGURE 7 - CURRENT DERATING 
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Tc, CASE TEMPERATURE (°C) 


Tc, CASE TEMPERATURE (°C) 


FIGURE 8 - TYPICAL REVERSE CURRENT 


FIGURE 9 - NORMALIZED REVERSE CURRENT 


Vr, REVERSE VOLTAGE (VOLTS) 


20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 

Tj, JUNCTION TEMPERATURE (°C) 










1N3899 thru 1N3903, MR1386 (continued) 


FIGURE 16 - REVERSE RECOVERY CIRCUIT 



A - TEKTRONIX 545A, K PLUG IN 

PRE-AMP, P6000 PROBE OR EQUIVALENT 

Rl - ADJUSTED FOR 1.4 ft BETWEEN 
POINT 2 OF RELAY AND RECTIFIER 
INDUCTANCE as 38 pH 
R2 - TEN-1 W, 10 a, 1% CARBON CORE 
IN PARALLEL 

Ta = 25 °C FOR RECTIFIER 

MINIMIZE ALL LEAD LENGTHS 

1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
RIPPLE = 3 mVrms MAX 
Z 0 ut = 1 Vi £2 MAX, DC to 2 kHz 


FIGURE 17 - JEDEC REVERSE RECOVERY CIRCUIT 


Rl = 50 Ohms 
R2 = 250 Ohms 
D1 = 1N4723 
D2 = 1N4001 
D3 = 1N4933 
SCR1 = MCR729-10 
Cl =0.5 to 50 pF 
C2 % 4000 juF 
LI = 1.0-27 pH 

T1 = Variac Adjusts l(p«) and di/dt 
T2 = 1:1 

T3 = 1:1 (to trigger circuit) 



NOTE 2 


Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of condi tions 
using Ip = 1.0 A, Vr = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 



From stored charge curves versus di/dt, recovery time (t rr ) 
and peak reverse recovery current OrM(REC)) can be closely 
approximated using the following formulas: 



'RM(REC) = 1-41 x [q r x di/dt] 1/2 
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Qr, RECOVERED STORED CHARGE (mc) Qr, RECOVERED STORED CHARGE (/ic) tfr, FORWARD RECOVERY TIME (/is) 


1N3899 thru 1N3903, MR1386 (continued) 


TYPICAL DYNAMIC CHARACTERISTICS 



1.0 2.0 5.0 10 20 50 100 

Ip. FORWARD CURRENT (AMP) 


FIGURE 11 - JUNCTION CAPACITANCE 



1.0 2.0 5.0 10 20 50 100 


Vr, REVERSE VOLTAGE (VOLTS) 


TYPICAL RECOVERED STORED CHARGE DATA 

(See Note 2) 

FIGURE 12 - Tj = 25°C FIGURE 13 - Tj = 75°C 



1.0 2.0 5.0 10 20 50 100 

di/dt (AMP//1S) 



1.0 2.0 5.0 10 20 50 100 


di/dt, (AMP/jus) 


STORED CHARGE DATA 



1.0 2.0 5.0 10 20 50 100 


di/dt, (AMP/jus) 



1.0 2.0 5.0 10 20 50 100 


di/dt (AMP/ps) 


1-81 



1N3899thru 1N3903, MR1386 (continued) 


INSULATING HARDWARE KIT AVAILABLE UPON REQUEST 


MICA WASHERS 
.997 .255 .004 

1.003 .265 .006 





CASE TEMPERATURE 
REFERENCE POINT 


NYLON BUSHING 
.362 . 264 . 060 

.372 X 274 X .070 


OUTSIDE DIA. 
.469 


FLAT WASHER 
Steel, Electro deposited 
Zinc plate 

727 . 276 . 055 

.749 X .296 X .071 


I .437 
•"! MIN. 
•-.625 MAX - 


HOLE DIA. 
.265 ± .005 



< 2 ^ 


SOLDER TERMINAL 
Copper, electro tinned 
(AMP #34124) 


LOCK WASHER 
Steel, spring, Electro-depc 
Zinc plate, Internal tooth 
460 . 250 017 

.480 X 270 X .027 

NUT 

1018 Steel, Electro-deposi 
Zinc plate 
’4-28 NF 28 


11/16 STUD (MH 746) 


CASE TO HEAT SINK 
THERMAL RESISTANCE UNDER 
VARIOUS CONDITIONS 


Metal-to-Metal 

j Mica Insulation 1 

■291 

Lubrication 

EH 



TORQUE: 25 IN LBS 








1n 3909 thru 1 n3913 
MR 1396 


Designers Data Sheet 


STUD MOUNTED 

FAST RECOVERY POWER RECTIFIERS 

. . . designed for special applications such as dc power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 100 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 


Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from the 
information presented. Limit curves — representing boundaries on device character- 
istics — are given to facilitate "worst case" design. 


•MAXIMUM RATINGS 


Rating 

Symbol 

IN 3909 

1N3910 

1N3911 

1N3912 

1 N 39 1 3 

MR 1396 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

V RRM 

V RWM 

VR 

50 

100 

200 

300 

400 

600 

Volts 

Non-Repetitive Peak Reverse 
Voltage 

V RSM. 

75 

150 

250 

350 

450 

650 

Volts 

RMS Reverse Voltage 

Yr(RMS) 

35 

70 

140 

210 

280 

• 420 

Volts 

Average Rectified Forward 
Current (Single phase, 
resistive load, Tq = 100°C) 

'o 


Amps 


Non-Repetitive Peak Surge 

Current (surge applied at rated 
load conditions) 

'fsm 


Amp 


Operating Junction Temperature 
Range 

Tj 


°C 


Storage Temperature Range 

T stg 


°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.2 

°C/W 


•ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Instantaneous Forward Voltage 

V F 

- 

1.2 

1.5 

Volts 

(l F =93 Amp, Tj = 150°C) 





Forward Voltage 


- 

1.1 

1.4 

Volts 

(l F =30 Amp, T c = 25°C) 






Reverse Current (rated dc voltage) Tq = 25°C 

•r 

- 

10 

mm 

El 

T C = 100°C 


- 

0.5 

■H 



•REVERSE RECOVERY CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Recovery Time 

Vr 




ns 

(Ip = 1.0 Amp to Vr = 30 Vdc, Figure 16) 


- 

100 

200 


< 1 F M = 36 Amp, di/dt = 25 A/jis, Figure 17) 


- 

200 

400 


Reverse Recovery Current 

•rM(REC) 

- 

1.5 

2.0 

Amp 

(Ip = 1.0 Amp to V R = 30 Vdc, Figure 16) 







•Indicates JEDEC Registered Data for 1N3909 Series. 


FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
30 AMPERES 





All JEDEC dimensions and nt 


MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 
FINISH: All external surfaces corrosion 
resistant and readily solderable 
POLARITY: Cathode to Case 
WEIGHT: 17 Grams (Approximately) 
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ip, INSTANTANEOUS FORWARD CURRENT 


1N3909thru 1N3913, MR1396 (continued) 


FIGURE 1 - FORWARD VOLTAGE 



vp, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 



n I 1 III I 11 II 11 1 111 I I II I 11 

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

NUMBER OF CYCLES AT 60 Hz 


NOTE 1 



Ppk 

■ TIME 


DUTY CYCLE, D = t p /ti 
PEAK POWER, P pk , is peak of an 
equivalent square power pulse. 


To determine maximum junction temperature of the diode in a given situation, 
the following procedure is recommended: 

The temperature of the case should be measured using a thermocouple placed 
on the case at the temperature reference point (see Note 3). The thermal mass 
connected to the case is normally large enough so that it will not significantly 
respond to heat surges generated in the diode as a result qf pulsed operation once 
steady-state conditionsareachieved. Using the measured value of Tq, the junction 
temperature may be determined by. 

Tj = Tc + ^Tjc 

where A Tjc is the increase in junction temperature above the case temperature. 
It may be determined by: 

A Tjc = Ppk -R0JC ID + (1 - D) • r(ti +t p ) + r(t p ) - r(ti)l 
where 

r(t) = normalized value of transient thermal resistance at time, t, from Figure 
3, i.e.: 

r (tf + tp) = normalized value of transient thermal resistance at time t-| + t p . 


FIGURE 3 - THERMAL RESPONSE 
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1N3909 thru 2N3913, MR1396 (continued) 


SINE WAVE INPUT 


FIGURE 4 - FORWARD POWER DISSIPATION 



lF(AV). AVERAGE FORWARD CURRENT (AMP) 




SQUARE WAVE INPUT 


FIGURE 5 - FORWARD POWER DISSIPATION 



0 4.0 8.0 12 16 20 24 28 32 

lF(AV). AVERAGE FORWARD CURRENT (AMP) 


FIGURE 7 - CURRENT DERATING 



Tc. CASE TEMPERATURE (°C) 
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Qr, RECOVERED STORED CHARGE (pic) Or, RECOVERED STORED CHARGE (/ic) tf r , FORWARD RECOVERY TIME (ns) 


1N3909 thru 1N3913, MR1396 (continued) 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 10 - FORWARD RECOVERY TIME FIGURE 11 - JUNCTION CAPACITANCE 



1.0 2.0 5.0 10 20 50 100 1.0 2.0 5.0 10 20 50 100 

Ip, FORWARD CURRENT (AMP) Vr, REVERSE VOLTAGE (VOLTS) 


TYPICAL RECOVERED STORED CHARGE DATA 


FIGURE 12 - Tj = 25°C 


(See Note 2) 


FIGURE 13 - Tj = 75°C 



di/dt (AMP/pis) 


di/dt, (AMP/pis) 
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1N3909thru 1N3913, MR1396 (continued) 


FIGURE 16 - REVERSE RECOVERY CIRCUIT 



A - TEKTRONIX 545A.K PLUG IN 

PRE-AMP, P6000 PROBE OR EQUIVALENT 

Rl - ADJUSTED FOR 1.4T2BETWEEN 
P0INT2 OF RELAY AND RECTIFIER 
INDUCTANCE = 38 mH 
R2- TEN-1 W, 10 n, 1% CARBON CORE 
IN PARALLEL 

Ta = 25^J°C FOR RECTIFIER 

MINIMIZE ALL LEAD LENGTHS 

1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
RIPPLE = 3 mVrms MAX 
Z out = 1%nWIAX. DC to 2 kHz 


FIGURE 17 - JEDEC REVERSE RECOVERY CIRCUIT 


Rl = 50 Ohms 
R2 = 250 Ohms 
D1 = IN 47 23 
D2 = 1 N4001 
03 = 1 N4933 
SCR1 = MCR729-10 
Cl =0.5 to 50 pt F 
C2 = 4000 n F 
LI = 1.0-27 pH 


T 1 = Variac Adjusts I(pk) and di/dt 


T2 = 1:1 

T3 = 1:1 (to triyger circuit) 



NOTE 2 


Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiersare rated under a fixed set of conditions 
using Ip = 1.0 A, Vr = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 



From stored charge curves versus di/dt, recovery time (t rr ) 
and peak reverse recovery current (I RM(REC)) can be closely 
approximated using the following formulas: 



'RM(REC) = 1-41 x [q r x di/dt] 1/2 
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1N3909 thru 1N3913, MR1396 (continued) 


INSULATING HARDWARE KIT AVAILABLE UPON REQUEST 



CASE TEMPERATURE 
REFERENCE POINT 



NYLON BUSHING 
■362 .264 . 060 

.372 X .274 X .070 





FLAT WASHER 
Steel, Electro-deposited 
Zinc plate 

727 . 276 . 055 

.749 X .296 X .071 



SOLDER TERMINAL 
Copper, electro-tinned 
(AMP #34124) 



LOCK WASHER 
Steel, spring, Electro-deposited 
Zinc plate, Internal tooth 
460 .250 .OH 

.480 X .270 X .027 



11/16 STUD (MH 746) 


NUT 

1018 Steel, Electro-deposited 
Zinc plate 
Vi-28 NF-2B 

.425 178 , 

437 across flats x — Thick 

.485 

— — across points 



CASE TO HEAT SINK 
THERMAL RESISTANCE UNDER 
VARIOUS CONDITIONS 


Metal -to-Metal 

Mica Insulation 

Dry 

Lubrication 

Dry 

Lubrication 

0.38 

0.20 

0.89 

0.70 


TORQUE: 25 IN-LBS 
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in3993 thru 1 n4000 (ZENER DIODES) 


Low-voltage, alloy -junction zener diodes in hermeti- 
cally sealed package with cathode connected to case. 
Supplied with mounting hardware. 

MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C. 

D C Power Dissipation: 10 Watts. (Derate 83.3 mW/°C above 55°C). 

The type numbers shown in the table have a standard tolerance on the nominal 
zener voltage of ±10%. A standard tolerance of ±5% on individual units is also 
available and is indicated by suffixing ”A” to the standard type number. 

ELECTRICAL CHARACTERISTICS 

(Tb = 30°C ± 3 r Vf = 1.5 max @ If = 2 amp for all units) 



Type No. 

Nominal 

Zener Voltage 

V* @ Izx 

Volts 

Test 

Current 

L 

mA 

Max Zener Impedance 

Max DC Zener 
Current 

U mA 

Reverse 

Leakage Current 

Zzt @ III 

Ohms 

Z» = 1 OmA 

Ohms 

i. 

mA 

V. 

Volts 

1N3993 

3.9 

640 

m 

400 

2380 

100 


1N3994 

4.3 

580 

HIH 

400 

2130 


0. 5 

1N3995 

4.7 

530 


500 

1940 

50 

1.0 

1N3996 

5.1 

490 

1.1 

550 

1780 

10 

1.0 

1N3997 

5.6 

445 

1.0 

600 

1620 

10 


1N3998 

6.2 


1.1 

750 

1460 

10 

. 2.0 

1N3999 

6.8 

370 

1.2 

500 

1330 

10 


1N4000 

7.5 

335 

1.3 

250 

1210 

10 

3.0 


SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details) 


(A) NOMINAL ZENER VOLTAGES BETWEEN THE 
VOLTAGES SHOWN AND TIGHTER VOLTAGE 
TOLERANCES: 

To designate units with zener voltages other than 
those assigned JEDEC numbers and/or tight voltage 
tolerances (±3%, ±2%, ±1%), the Motorola type 
number should be used. 

10 M 5.0 A Z 3 

T T T T T T 

Device Motorola Nominal | Zener Tolerance 

Description Voltage Alloy Diode (±%) 

Example: 10M5.0AZ3 

(B) MATCHED SETS: (Standard Tolerances are ±5.0%, 

± 2 . 0 %, ± 1 . 0 %). 

Zener diodes can be obtained in sets consisting 
of two or more matched devices. The method for 
specifying such matched sets is similar to the one 
described in (A) for specifying units with a special 
voltage and/or tolerance except that two extra 
suffixes are added to the code number described. 

These units are marked with code letters to 
identify the matched sets and, in addition, each unit 
in a set is marked with the same serial number, 
which is different for each set being ordered. 


10 

T 

Device 


T 


5.1 

T 


A Z 5 

TJ T 


5.1 Volts Zener 
Description (each device) Diodes 


Motorola-* Alloy-* 




i 

Overall 
Tolerance 
of set 
(± 1 %) 


Tolerance — * 

per device (±5%) 1 — Code* 

(omit for ±20% units) (A-Not used) 
B - Two devices in series 
C - Three devices in series 
D - Four devices in series 


♦Code: 


Example: 10M5.1AZ5B1 

(C) ZENER CLIPPERS: (Standard Tolerance ±10% and 
±5%). 

Special clipper diodes with opposing Zener 
junctions built into the device are available by using 
the following nomenclature: 

10 M 4.7 A Z Z 10 


T 1 

r t i 

T 1 


Device 

Nominal 

Zener 


Description 

Voltage 

Diodes 


Motorola- 

Alloy— 

Clipper — 



Tolerance for each of 
the two Zener voltages 
(not a matching require- 
Example: 10M4.7AZZ10 ment > 
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in 4001 thru 1 n4007 



Surmetic rectifiers, subminiature size, axial lead 
mounted rectifiers for general purpose low-power ap- 
plications. 


MAXIMUM RATINGS 


Rating 

Symbol 

1N4001 

1N4002 

1N4003 

1N4004 

1N4005 

1N4006 

1N4007 

Unit 

Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

V RM(rep) 

V RM(wkg) 

V R 

50 

100 

200 

400 

600 

800 

1000 

Volts 

Non-Repetitive Peak Reverse Voltage 
(halfwave, single phase, 60 Hz peak) 

y 

RM (non- rep) 

75 

150 

300 

600 

900 

1200 

1500 

Volts 

RMS Reverse Voltage 

V 

r 

35 

70 

140 

280 

420 

560 

700 

Volts 

Average Rectified Forward Current 
(single phase, resistive load, 

60 Hz, see Figure 6, = 75°C) 


1.0 

Amp 

Non-Repetitive Peak Surge Current 
(surge applied at rated load 
conditions, see Figure 2) 

^FM (surge) 

30 (for 1 cycle) 

Amp 

Operating and Storage Junction 
Temperature Range 

T t , T 

J stg 

-65 to +175 

°C 


ELECTRICAL CHARACTERISTICS 


j 

Characteristic and Conditions 

Symbol 

Max 

Unit 

Maximum Instantaneous Forward Voltage Drop 
(i = 1.0 Amp, Tj = 25°C) Figure 1 

V F 

1. 1 

Volts 

Maximum Full-Cycle Average Forward Voltage Drop 
(Iq = 1.0 Amp, T l = 75°C, 1 inch leads) 

V F(AV) 

0.8 

Volts 

Maximum Reverse Current (rated dc voltage) T y = 25°C 

Tj = 100 °C 

l R 

0.01 

0.05 

mA 

Maximum Full-Cycle Average Reverse Current 
(1^ = 1.0 Amp, = 75°C. 1 inch leads) 

! R(AV) 

0.03 

mA 
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INSTANTANEOUS FORWARD CURRENT (AMP) 


1N4001 thru 1N4007 (continued) 

MECHANICAL CHARACTERISTICS 

CASE: Void free, Transfer Molded 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350°C, %" from 
case for 10 seconds at 5 lbs. tension 

FINISH: All external surfaces are corrosion-resistant, leads are readily solderable 
POLARITY: Cathode indicated by color band 
WEIGHT: 0.40 Grams (approximately) 


FIGURE 1 -FORWARD VOLTAGE 



FIGURE 2 -MAXIMUM SURGE CAPABILITY 


-SURGE APPLIED AT NO 
_ LOAD CONDITIONS 
V R u,_, APPLIED AFTER SURGE 


SURGE APPLIED AT RATED 


APPLIED AFTER SURGE 


2.0 3.0 5.0 7.0 10 20 30 50 70 100 

NUMBER OF CYCLES AT 60 Hz 


FIGURE 3 -FORWARD VOLTAGE TEMPERATURE COEFFICIENT 


1.2 l.b 2.U 2.4 2.8 3.2 

i/f , INSTANTANEOUS FORWARD VOLTAGE (VOLT) 


i>, INSTANTANEOUS FORWARD CURRENT (AMP) 


FIGURE 4 -TYPICAL TRANSIENT THERMAL RESISTANCE 


500 700 1000 


2000 3000 5000 7000 10 k 


PW, PULSE WIDTH (ms) 

FOR VALUES AT PULSE WIDTHS LESS THAN 3.0 ms. THE ABOVE CURVE 
CAN BE EXTRAPOLATED DOWN TO 10 ,ls AT A CONTINUING SLOPE OF 1/2 






0 JL , THERMAL RESISTANCE, JUNCTION-TO-LEAD (°C/W) l F(avg) , AVERAGE FORWARD CURRENT (AMP) | F , FORWARD CURRENT (AMP) 


1N4001 thru 1N4007 (continued) 


CURRENT DERATING DATA 


FIGURE 5 - LEAD TEMPERATURE DERATING (DO ONLY) FIGURE 6 - RESISTIVEJNDUCTIYE LOADS 




FIGURE 7- CAPACITIVE LOADS 



FIGURE 8 -STEADY-STATE THERMAL RESISTANCE 
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o> 1 1 1 l l l l l i i 

0 Vs 1/4 % 1/2 Vs % Vs 1 Hi m 

L, LEAD LENGTH (INCHES) 


NOTES 


NOTE 1 

Data shown for thermal resistance junction-to-ambient (0 JA ) for the mountings 
shown is to be used as typical guideline values for preliminary engineering or in 
case the tie point temperature cannot be measured. 


TYPICAL VALUES FOR 0 JA IN STILL AIR 

tn 

P C- board immnm 



MOUNTING METHOD 1 


k-L- 
TERMJNAL STRIP - 
I mmwmimmnimimhmiihm 

MOUNTING METHOD 2 


MOUNTING 

METHOD 

LEAD LENGTH, L (IN.) | 

*JA 

1/32 

3/8 

1 

1 

— 

75 

85 

°C/W 

2 

55 

72 

85 

°c/w 


* Using Mounting Method 1 or 2 with L = 1" the curve marked * in Figure 
6 can be used for 60 Hz half-wave resistive/inductive load (Rating vs. 
Ambient Temperature). The abscissa of Figure 6 then indicates T A in *C. 


NOTE 2 



OUTY CYCLE, D = tp/tj 

PEAK POWER, P pl , is peak of an 

equivalent square power pulse. 


To determine maximum junction temperature of the diode in a 
given situation, the following procedure is recommended: 

The temperature of the lead should be measured using a thermocouple placed 
on the lead as close as possible to the tie point. The thermal mass connected to 
the tie point is normally large enough so that it will not significantly respond to 
heat surges generated in the diode as a result of pulsed operation once steady- 
state conditions are achieved. Using the measured value of T L , the junction 
temperature may be determined by: 


T| = T l +aTjl. 

where A T JL is the increase in junction temperature above the lead temperature. 
It may be determined by: 

AT JL = P pk [i9jl(.*) , D + (1 -D) •0jL(t 1 + t p |- + 0jL(t p ) -0Ji|t,)] 
where fl JL (t) = value of transient thermal resistance at time t. i.e. : 

0ji(t 1+ tp) = value of 0 JL(t) at time t^tp 

0ji|t p ) = value of 0 JL (t) at end of pulse width t p 
0jL(tj| = value of 0 JL {t) at time tj 
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cr, EFFICIENCY FACTOR t fr , FORWARD RECOVERY TIME (/xs) 


1N4001 thru 1N4007 (continued) 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 9 -FORWARD RECOVERY TIME 



FIGURE 10- REVERSE RECOVERY TIME 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

Ir/If, DRIVE CURRENT RATIO 


FIGURE 11 - RECTIFICATION WAVEFORM EFFICIENCY 



FIGURE 12 -JUNCTION CAPACITANCE 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

V R , REVERSE VOLTAGE (VOLT) 


RECTIFIER EFFICIENCY NOTE 


FIGURE 13 -SINGLE-PHASE HALF-WAVE RECTIFIER CIRCUIT 



The rectification efficiency factor a shown in Figure 11 was calculated using the 
formula: 



V 2 0 (dc) 

Rl 

V 2 0 (rms) 


• 100 % 


Rl 


V* 0 (dc) 

V o(ac) -t V o(dc) 


• 100 % 


( 1 ) 


For a sine wave input V m sin (<.;t) to the diode, assumed lossless, the maximum theoretical 
efficiency factor becomes: 


V 2 m 

a (sine) - 77 • 100 % ~ 100% 40 6% 121 

4Rl v 2 m 

For a square wave input of amplitude V m . ?Rl . innr sn°/ im 

the efficiency factor becomes: CT (square) y 2 ^ 0 0 

~RT 

(A full wave circuit has twice these efficiencies) 

As the frequency of the input signal is increased, the reverse recovery time of the diode 
(Figure 10) becomes significant, resulting in an increasing ac voltage component across 
R l which is opposite in polarity to the forward current, thereby reducing the value of the 
efficiency factors, as shown on Figure 11. 

It should be emphasized that Figure 1 1 shows waveform efficiency only; it does not 
provide a measure of diode losses. Data was obtained by measuring the ac component of 
Vo with a true rms ac voltmeter and the dc component with a dc voltmeter. The data was 
used in Equation 1 to obtain points for Figure 11. 


in 4057,A thru in4085, A 

For Specifications, See 1N429 Data. 
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1n4099 thru 1n4135 (SILICON) 

(MZ4614 thru MZ4627) * 


LOW-LEVEL SILICON PASSIVATED ZENER DIODES 


. . . designed for 250 mW applications requiring low leakage, low 
impedance, and low noise. 

• Voltage Range from 1.8 to 100 Volts 

• First Zener Diode Series to Specify Noise— 50% Lower than 

Conventional Diffused Zeners 

• Zener Impedance and Zener Voltage Specified for Low-Level 

Operation at I^T = 250 /uA 

• Low Leakage Current — 

Ip from 0.01 to 10j*A over Voltage Range 

• Expanded Temperature Range — 

Tj = -65 to +200°C 


SILICON 
ZENER DIODES 

(±5.0% TOLERANCE) 

250 MILLIWATTS 
1.8-100 VOLTS 

SILICON OXIDE 
PASSIVATED JUNCTION 


MAXIMUM RATINGS 


Rating 

Value 

Unit 

DC Power Dissipation, 25°C Ambient 

250 

mW 

Derating Factor 

1.43 

mW/°C 

Junction and Storage Temperature 

-65 to +200 

°C 


MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed, all-glass. 

DIMENSIONS: See outline drawing. 

FINISH: All external surfaces are corrosion resistant and leads are readily 
solderable and weldable. 

POLARITY: Cathode indicated by polarity band. 

WEIGHT: 0.2 gram (approx) 

MOUNTING POSITION: Any 




•Identical to 1 N461 4 registration, except registration has a minimum package diameter of 0.115 inches. 
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1N4099 thru 1N4135, MZ4614 thru MZ4627 (continued) 


ELECTRICAL CHARACTERISTICS 

(Ta = 25°C unless otherwise noted) IZT = 250 /iA and Vp = 1.0 V max @ Ip = 200 mA on all Types 


Type 
Number 
(Note 1) 

Nominal 
Zener Voltage 

v z 

(Note 1) 
(Volts) 

Max Zener 
Impedance 

zzt 

(Note 2) 
(Ohms) 

Max 

Reverse Test 

Current @ Voltage 

l R (Note 4) V R 

(mA) (Volts) 

Max Noise Density 

At l Z j = 250 /iA 

n d 

(Fig 1) 

(micro-volts per 
Square Root Cycle) 

Max Zener Current 
'ZM 

(Note 3) 

(mA) 

MZ4614 

1.8 

1200 

7.5 

1.0 

1.0 

120 

MZ4615 

2.0 

1250 

5.0 

1.0 

1.0 

110 

MZ4616 

2.2 

1300 

4.0 

1.0 

1.0 

100 

MZ4617 

2.4 

1400 

2.0 

1.0 

1.0 

95 

MZ4618 

2.7 

1500 

1.0 

1.0 

1.0 

90 

MZ4619 

3.0 

1600 

0.8 

1.0 

1.0 

85 

MZ4620 

3.3 

1650 

7.5 

1.5 

1.0 

80 

MZ4621 

3.6 

1700 

7.5 

2.0 

1.0 

75 

MZ4622 

3.9 

1650 

5.0 

2.0 

1.0 

70 

MZ4623 

4.3 

1600 

4.0 

2.0 

1.0 

65 

MZ4624 

4.7 

1550 

10 

3.0 

1.0 

60 

MZ4625 

5.1 

1500 

10 

3.0 

2.0 

55 

MZ4626 

5.6 

1400 

10 

4.0 

4.0 

50 

MZ4627 

6.2 

1200 

10 

5.0 

5.0 

45 

1N4099 

6.8 

200 

10 

5.2 

40 

35 

1N4100 

7.5 

200 

10 

5.7 

40 

31.8 

1N4101 

8.2 

200 

1.0 

6.3 

40 

29.0 

1N4102 

8.7 

200 

1.0 

6.7 

40 

27.4 

1N4103 

9.1 

200 

1.0 

7.0 

40 

26.2 

1N4104 

10 

200 

1.0 

7.6 

40 

24.8 

1N4105 

11 

200 

0.05 

8.5 

40 

21.6 

1N4106 

12 

200 

0.05 

9.2 

40 

20.4 

1N4107 

13 

200 

0.05 

9.9 

40 

19.0 

1N4108 

14 

200 

0.05 

10.7 

40 

17.5 

1N4109 

15 

100 

0.05 

11.4 

40 

16.3 

1N4110 

16 

100 

0.05 

12.2 

40 

15.4 

1N4111 

17 

100 

0.05 

13.0 

40 

14.5 

1N4112 

18 

100 

0.05 

13.7 

40 

13.2 

1N4113 

19 

150 

0.05 

14.5 

40 

12.5 

1N4114 

20 

150 

0.01 

15.2 

40 

11.9 

1N4115 

22 

150 

0.01 

16.8 

40 

10.8 

1N4116 

24 

150 

0.01 

18.3 

40 

9.9 

1N4117 

25 

150 

0.01 

19.0 

40 

9.5 

1N4118 

27 

150 

0.01 

20.5 

40 

8.8 

1N4119 

28 

200 

0.01 

21.3 

40 

8.5 

1N4120 

30 

200 

0.01 

22.8 

40 

7.9 

1N4121 

33 

200 

0.01 

25.1 

40 

7.2 

1N4122 

36 

200 

0.01 

27.4 

40 

6.6 

1N4123 

39 

200 

0.01 

29.7 

40 

6.1 

1N4124 

43 

250 

0.01 

32.7 

40 

5.5 

1N4125 

47 

250 

0.01 

35.8 

40 

5.1 

1N4126 

51 

300 

0.01 

38.8 

40 

4.6 

1N4127 

56 

300 

0.01 

42.6 

40 

4.2 

1N4128 

60 

400 

0.01 

45.6 

40 

4.0 

1N4129 

62 

500 

0.01 

47.1 

40 

3.8 

1N4130 

68 

700 

0.01 

51.7 

40 

3.5 

1N4131 

75 

700 

0.01 

57.0 

40 

3.1 

1N4132 

82 

800 

0.01 

62.4 

40 

2.9 

1N4133 

87 

1000 

0.01 

66.2 

40 

2.7 

1N4134 

91 

1200 

0.01 

69.2 

40 

2.6 

1N4135 

100 

1500 

0.01 

76.0 

40 

2.3 


NOTE 1: TOLERANCE AND VOLTAGE DESIGNATION 

The type numbers shown have a standard tolerance of 
±5.0% on the nominal zener voltage. 

NOTE 2: ZENER IMPEDANCE (Zzt) DERIVATION 

The zener impedance is derived from the 60 cycle ac volt- 
age, .which results when an ac current having an rms value 
equal to 10% of the dc zener current (Izt) is superimposed 


on Izt- 

NOTE 3: MAXIMUMZENER CURRENT RATINGS (Izm) 
Maximum zener current ratings are based on maximum 
zener voltage of the individual units. 

NOTE 4: REVERSE LEAKAGE CURRENT Ir 

Reverse leakage currents are guaranteed and are measured 
at Vr as shown on the table. 
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1N4099 thru 1N4135, MZ4614 thru MZ4627 (continued) 


ZENER NOISE DENSITY 


A zener diode generates noise when it is biased in the zener 
direction. A small part of this noise is due to the internal 
resistance associated with the device. A larger part of zener 
noise is a result of the zener breakdown phenomenon and is 
called microplasma noise. This microplasma noise is gener- 
ally considered “white” noise with equal amplitude for all 
frequencies from about zero cycles to approximately 200,000 
cycles. To eliminate the higher frequency components of 
noise a small shunting capacitor can be used. The lower fre- 
quency noise generally must be tolerated since a capacitor 
required to eliminate the lower frequencies would degrade 
the regulation properties of the zener in many applications. 

Motorola is rating this series with a maximum noise den- 
sity at 250 microamperes. The rating of microvolts RMS 
per square root cycle enables calculation of the maximum 


RMS noise for any bandwidth. 

Noise density decreases as zener current increases. This 
can be seen by the graph in Figure 2 where a typical noise 
density is plotted as a function of zener current. 

The junction temperature will also change the zener noise 
levels. Thus the noise rating must indicate bandwidth, 
current level and temperature. 

The block diagram given in Figure 1 shows the method 
used to measure noise density. The input voltage and load 
resistance is high so that the zener is driven from a constant 
current source. The amplifier must be low noise so that the 
amplifier noise is negligible compared to the test zener. The 
filter bandpass is known so that the noise density in volts 
RMS per square root cycle can be calculated. 


FIGURE 1 - NOISE DENSITY MEASUREMENT METHOD 


WHERE: BW = FILTER BANDWIDTH (CYCLES) 
V out = OUTPUT NOISE (VOLTS RMS) 






C, CAPACITANCE (pF) 


1N4099 thru 1N4135, MZ4614thru MZ4627 (continued) 


FIGURE 3 - TYPICAL CAPACITANCE 


FIGURE 4 - TYPICAL FORWARD CHARACTERISTICS 
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in4387 (SILICON) 

(MV1804) 


CASE 44 

(DO-4) 



Silicon varactor diode for high -power frequency mul- 
tiplication applications. 

cathode connected to stud 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 


Reverse Voltage 

V R 

150 

Vdc 

RF Power Input 

P in 

40 

Watts 

Total Device Dissipation @ Tp = 75°C 

P D 

20 

Watts 

Derate above 75° C 


200 

mW/°C 

Operating and Storage Junction 




Temperature Range 

T T> T 4 

J stg 


°C 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(I R = 10 fiAdc) 




- 


Series Resistance 
(V n = 6. 0 Vdc, f = 50 MHz) 

K 

■H 

- 


m 


Junction Capacitance * 

(V R = 6.0 Vdc, f =1.0 MHz) 


- 

HQ 



Figure of Merit 
(V_. = 10 Vdc, f = 50 MHz) 

K 

Q 


Hi 

- 



FUNCTIONAL TESTS 


Power Output 


Efficiency 


Tripler Circuit 

= 30 W, f. 

’ in 

. = 450 MHz 


= 30 W, f. = 150 MHz, 
t ’in ’ 


p 

out 

15 

18 

- 

Watts 

V 

50 

60 

- 

% 


*C T = Cj + C c 


30 

25 

So 

I 20 

=5 

CL 

I 15 


£ 

2 10 


POWER OUTPUT versus OUTPUT FREQUENCY 
FOR HARMONIC TRIPLING 
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f^, , OUTPUT FREQUENCY (MHz) 


SERIES RESISTANCE AND FIGURE OF MERIT 
versus REVERSE VOLTAGE 
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in4388 (SILICON) 

(MV 1806) 


Silicon varactor diode for high-frequency harmonic 
generation applications. 

- _ ^ cathode connected to stud 

CASE 44 

(DO-4) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 

100 

Vdc 

Forward Current 

*F 

1.0 

Amp 

RF Power Input 

P in 

25 

Watts 

Total Device Dissipation® T r = 75° C 

Derate above 75° C 

P D 

10 

0. 10 

Watts 

W/°C 

Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-65 to +175 

°c 



ELECTRICAL CHARACTERISTICS <t a = 25°C unless otherwise noted) 


Characteristic 

Symbol 





Reverse Breakdown Voltage 
(I R = 10 MAdc) 

bv r 



- 

m 

Reverse Current 
(V R = 75 Vdc) 


! r 

- 

O'. 5 

2.0 

jiAdc 

(V R = 75 Vdc, T a = 

150° C) 



- 



Diode Capacitance 
(V R = 6.0 Vdc, f =1.0 MHz) 

V 

- 



m 

(V„ = 90 Vdc, f =1.0 MHz) 

K 


- 



i 

Series Resistance 

(V D = 6. 0 Vdc, f = 50 MHz) 

R 

R s 

- 




Figure of Merit 
(V R = 10 Vdc, f = 50 MHz) 

Q 

200 

300 

_ 

■ 

(V R = 90 Vdc, f = 50 MHz) 


1000 

- 

- 

■ 

FUNCTIONAL TESTS 

Power Output 

Doubler Circuit 

(Figure 1) 

p , 
out 



- 

IB 

Efficiency 

P. = 20 W, f. = 500 MHz, 
m ’in 

f . = 1000 MHz 
out 

7] 

55 

60 

- 

B 


*C T = Cj + C c 
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POWER OUTPUT (WATTS) Q, FIGURE OF MERIT 


1 N4388 (continued) 


POWER OUTPUT versus OUTPUT FREQUENCY 



V R) REVERSE VOLTAGE (VOLTS) f , OUTPUT FREQUENCY CMHz ) 


TRIPLING (X3) QUADRUPLING (X4) 



100 200 300 400 500 700 1000 1200 100 200 300 400 500 700 1000 1200 


f, OUTPUT FREQUENCY (MHz) f, OUTPUT FREQUENCY ( MHz) 


FIGURE 1 - HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT 

500 MHz COAX CAVITY 1000 MHz COAX CAVITY 



T— 100 





in 4549 thru 1 n4556 
in 4557 thru 1 n4564 

For Specifications, See 1N2804 Data 


i n4565- i n4584 
in4775-in4784 
in4765-,n4774 



Low level temperature-compensated zener reference 
diodes— highly reliable reference sources utilizing an 
oxide-passivated junction for long-term voltage stability. 
RamRod construction provides a rugged, glass-enclosed, 
hermetically sealed structure. 


CASE 51 

(DO-7) 


MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C 

DC Power Dissipation: 400 Milliwatts at 50°C Ambient 
(Derate 3.2 mW/°C Above 50°C) 


MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed, all-glass 

DIMENSIONS: See outline drawing. 

FINISH: All external surfaces are corrosion resistant and leads are readily solderable and 
weldable. 

POLARITY: Cathode indicated by polarity band. 

WEIGHT: 0.2 Gram (approx) 

MOUNTING POSITION: Any 
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1 N4565-T N4584/ 1 N4775-1 N4784/ 1 N4765-1 N4774 (continued) 



AVz <3 

(Note 1) 

Test 

Temperature 

Temperature 

Coefficient 

Dynamic 

Imped. 


Volts 


for Reference 

Ohms 

TYPE 

Max 

°C 

%/°C 

(Note 1 ) 

Max 

(Note 2) 



Vz = 6.4 Volts ±5% (Izr = 

0.5 mA) 

1N4565 

0.048 


0.01 


1N4566 

0.024 


0.005 


1N4567 

0.010 

0, 4-25, 

0.002 

200 

1N4568 

0.005 

4-75 

0.001 


1N4569 

0.002 


0.0005 


1N4565A 

0.099 


0.01 


1N4566A 

0.050 

-55, 0, 

0.005 


1N4567A 

0.020 

4-25, +75, 

0.002 

200 

1N4568A 

0.010 

+100 

0.001 


1N4569A 

0.005 


0.0005 



Vz = 6.4 Volts ±5% (Izt = 

1.0 mA) 

1N4570 

0.048 


0.01 


1N4571 

0.024 


0.005 


1N4572 

0.010 

0, +25, 

0.002 

100 

1N4573 

0.005 

+75 

0.001 


1N4574 

0.002 


0.0005 


1N4570A 

0.099 


0.01 


1N4571A 

0.050 

-55, 0, 

0.005 


1N4572A 

0.020 

+25, +75, 

0.002 

100 

1N4573A 

0.010 

+100 

0.001 


1N4574A 

0.005 


0.0005 



Vz = 6.4 Volts ±5% (Izr = 

2.0 mA) 

1N4575 

0.048 


0.01 


1N4576 

0.024 


0.005 


1N4577 

0.010 

0, +25, 

0.002 

50 

1N4S78 

0.005 

+75 

0.001 


1N4579 

0.002 


0.0005 


1N4575A 

0.099 


0.01 


1N4576A 

0.050 

-55, 0, 

0.005 


1N4577A 

0.020 

+25, +75, 

0.002 

50 

1N4578A 

0.010 

+100 

0.001 


1N4579A 

0.005 


0.0005 



Vz = 6.4 Volts ±5% (Izt = 

4.0 mA) 

1N4580 

0.048 


0.01 


1N4581 

0.024 


0.005 


1N4S82 

0.010 

0, +25, 

0.002 

25 

1N4583 

0.005 

+75 

0.001 


1N4584 

0.002 


0.0005 


1N4580A 

0.099 


0.01 


1N4581 A 

0.050 

-55, 0, 

0.005 


1N4582A 

0.020 

+25, +75, 

0.002 

25 

1N4583A 

0.010 

+100 

0.001 


1N4584A 

0.005 


0.0005 



NOTE 1 : 

Voltage Variation (aV^) and Temperature Coefficient. 

All reference diodes are characterized by the “box method”. This 
guarantees a maximum voltage variation (aVz) over the specified 
temperature range, at the specified test current Ozt)« verified by 
tests at indicated temperature points within the range. This method 
of indicating voltage stability is now used for JEDEC registration as 
well as for military qualification. The former method of indicating 
voltage stability — by means of temperature coefficient — accurately 
reflects the voltage deviation at the temperature extremes, but is not 
necessarily accurate within the temperature range because reference 
diodes have a nonlinear temperature relationship. The temperature 
coefficient, therefore, is given only as a reference. 


TYPE 

AVz <£ 

(Note 1) 

D Test 

Temperature 

Temperature 
Coefficient 
for Reference 
%/°C 
(Note 1) 

Dynamic 
Imped. 
Ohms 
Max 
(Note 2) 

Volts 

Max 

e C 

Vz = 8.5 Volts ±5% (Izt = 0.5 mA) 

1N4775 

0.064 


0.01 


1N4776 

0.032 


0.005 


1N4777 

0.013 

0, +25, 

0.002 

200 

1N4778 

0.006 

+75 

0.001 


1N4779 

0.003 


0.0005 


1N4775A 

0.132 


0.01 


1N4776A 

0.066 

-55, 0, 

0.005 


1N4777A 

0.026 

+25, +75, 

0.002 

200 

1N4778A 

0.013 

+100 

0.001 


1N4779A 

0.007 


0.0005 


Vz = 8.5 Volts ±5% (Izt = 1.0 mA) j 

1N4780 

0.064 


0.01 


1N4781 

0.032 


0.005 


1N4782 

0.013 

0, +25, 

0.002 

100 

1N4783 

0.006 

+75 

0.001 


1N4784 

0.003 


0.0005 


1N4780A 

0.132 


0.01 


1N4781A 

0.066 

-55, 0, 

0.005 


1N4782A 

0.026 

+25, +75, 

0.002 

100 

1N4783A 

0.013 

+100 

0.001 


1N4784A 

0.007 


0.0005 


Vz = 9.1 Volts ±5% (Izt = 0.5 mA) 

1N4765 

0.068 


0.01 


1N4766 

0.034 


0.005 


1N4767 

0.014 

0, +25, 

0.002 

350 

1N4768 

0.007 

+75 

0.001 


1N4769 

0.003 


0.0005 


1N4765A 

0.141 


0.01 


1N4766A 

0.070 

-55, 0, 

0.005 


1N4767A 

0.028 

+25, +75, 

0.002 

350 

1N4768A 

0.014 

+100 

0.001 


1N4769A 

0.007 


0.0005 



Vz = 9.1 Volts ±5% (Izt = 

1.0 mA) 


1N4770 

0.068 


0.01 


1N4771 

0.034 


0.005 


1N4772 

0.014 

0, +25, 

0.002 

200 

1N4773 

0.007 

+75 

0.001 


1N4774 

0.003 


0.0005 


1N4770A 

0.141 


0.01 


1N4771A 

0.070 

-55, 0, 

0.005 


1N4772A 

0.028 

+25, +75, 

0.002 

200 

1N4773A 

0.014 

+100 

0.001 


1N4774A 

0.007 


0.0005 



NOTE 2: 

The dynamic zener impedance, Zzj, is derived from the 60-Hz ac 
voltage drop which results when an ac current with an rms value 
equal to 10% of the dc zener current, lzj« ,s superimposed on IzT- 
A cathode-ray tube curve-trace test on a sample basis is used to en- 
sure that the zener has a sharp and stable knee region. 
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in4719 thru 1 n4725 (SILICON) 

IN 4997 thru IN 5003 

MR1030 thru MR1036, MR1038, MR! 040 



CASE 60 

1N4719 THRU 1N4725 
MR1030A THRU MR1040A 



CASE 70 

1N4997 thru 1N5003 
MR1030B THRU MR1040B 


Silicon high-conductance rectifiers available in either 
axial-lead or single -ended packages. Type numbers 
shown have cathode connected to case. For anode- 
to-case connection, add suffix "R" to type number, 
i. e. 1N4719R 


MAXIMUM RATINGS (Both Package Types) = 25 °C unless otherwise noted 


Rating 

Symbol 

IN 

4719 

MR 

1030 

IN 

4720 

MR 

1031 

IN 

4721 

MR 

1032 

MR 

1033 

IN 

4722 

MR 

1034 

MR 

1035 

IN 

4723 

MR 

1036 

IN 

4724 

MR 

1038 

IN 

4725 

MR 

1040 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 

DC Blocking Voltage 

V RM (rep) 
VRM (wkg) 
V R 

50 

100 

200 

300 

400 

500 

600 

800 

1000 


Non-Repetitive Peak Reverse 
Voltage 

(one half-wave, single phase, 

60 cycle peak) 

V RM 

(non-rep) 

100 

200 

300 

400 

500 

600 

720 

1000 

1200 

Volts 

RMS Reverse Voltage 












Average Rectified Forward Current 
(single phase, resistive load, 

60 cps , T a = 75°C) see figure 4 

>0 

3.0 


Peak Repetitive Forward Current 
(T a = 75°C) 

*FM (rep) 

25 

Amp 

Non-Repetitive Peak Surge Current 
(superimposed on rated current 
at rated voltage, T A = 75°C) 
see figure 1 

*FM (surge) 

300 (for 1/2 cycle) 

Amp 

2 

I t Rating (non- repetitive, 

1 msec <t <8.3 msec) 

I 2 t 

185 

A (rms) 

Operating and Case Temperature 

T J' T stg 

-65 to + 175 

H 

Thermal Resistance 

#JA 

30 

| QQQH 
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lN4719thru 1N4725 (Continued) 


ELECTRICAL CHARACTERISTICS 


FORWARD VOLTAGE CHARACTERISTICS 


Characteristic 

Symbol 

Max Limit 

Unit 

400 

Full Cycle Average Forward Voltage Drop 

V F(AV) 


Volts 

200 

(Iq = 3.0 Amps and Rated V r , 

0.45 


t A = 75 ° c > Half Wave Rectifier) 





DC Forward Voltage Drop 

Vp 

0.9 

Volts 

80 

(I F = 3.0 Adc, T a = 25°C) 



60 

Full Cycle Average Reverse Current 

J R(AV) 


mA 

40 

(Iq = 3.0 Amps and Rated V r , 

1.5 


g-. 

T a = 75°C, Half Wave Rectifier) 




1 20 

DC Reverse Current 

Ir 

0.5 

mA 

z 

(Rated V R , T A = 25°C) 



1 10 





o 8.0 


MAXIMUM SURGE CURRENT T A = 75°C) 




4 6 8 10 20 

CYCLES AT 60 CYCLES PER SECOND 


80 100 


3.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

=, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


MAXIMUM FORWARD POWER 
DISSIPATION versus AVERAGE FORWARD CURRENT 



MAXIMUM FORWARD CURRENT versus AMBIENT TEMPERATURE 

5.0 I 


12 3 4 

l F|iV „ AVERAGE FORWARD CURRENT (AMP) 



80 100 120 140 

t A( AMBIENT TEMPERATURE (°C) 
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in4728 thru 1N4764 (SILICON) 

ImI 10ZS10 thru 1m200ZS10 


Designers Data Sheet 


1.0 WATT SURMETIC 30 SILICON ZENER DIODES 

... a complete series of 1.0 Watt Zener Diodes with limits and 
operating characteristics that reflect the superior capabilities of 
silicon-oxide-passivated junctions. All this in an axial-lead, transfer- 
molded plastic package offering protection in all common environ- 
mental conditions. 

• To 80 Watts Surge Rating @ 1 .0 ms 

• Maximum Limits Guaranteed on Six Electrical Parameters 

• Package No Larger Than the Conventional 400 mW Package 

Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from the in- 
formation presented. Limit curves — representing boundaries on device characteris- 
tics — are given to facilitate "worst case" design. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

*DC Power Dissipation @T/\ = 50°C 

p D 

1.0 

Watt 

Derate above 50°C 


6.67 

mW/°C 

DC Power Dissipation @ T|_ = 75°C 

Lead Length = 3/8" 

p D 

3.0 

Watts 

berate above 75°C 


24 

mW/°C 

^Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +200 

°C 


MECHANICAL CHARACTERISTICS 

CASE : Void-free, transfer-molded, thermosetting plastic 

FI NISH : All external surfaces are corrosion resistant and leads are readily solderable 
and weldable 

POLARITY : Cathode indicated by polarity band. When operated in zener mode, cathode 
will be positive with respect to anode 

MOUNTING POSITION: Any 

WEIGHT: 0.4 gram (approx) 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 



60 80 100 120 140 

TL, LEAD TEMPERATURE (°C) 


160 180 200 


1.0 WATT 

ZENER REGULATOR DIODES 
3.3-200 VOLTS 



-ft* 


POLARITY MARK 
(CATHODE) 


To convert inches to millimeters multiply by 25.4 
All JEDEC dimensions and notes apply 


Indicates JE DEC Registered Data 
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1N4728thru 1N4764 (continued) 
1M110ZS10 thru 1M200ZS10 


ELECTRICAL CHARACTERISTICS (T A - 25°C unless otherwise noted) *Vp = 1 .5 V max. If = 200 mA for all types 



Motorola 
Type No. 
(Note 2) 

•Nominal 
Zener Voltage 
Vz @ IZT 
Volts 

(Note 2 & 3) 

•Test 

Current 

»ZT 

mA 

•Max Zener Impedance 
(Note 4) 

•Leakage 

Current 

•Surge 
Current 
@T A = 25°C 
i r — mA 
(Note 5) 

Z Z T @ * Z T 
Ohms 

ZZK@ *ZK 
Ohms 

»ZK 

mA 

|R Vr 

pA Max @ Volts 

1N4728 

1M3.3ZS10 

3.3 

76 

To 

400 

1.0 

100 

1.0 

1380 

1N4729 

1M3.6ZS10 

3.6 

69 

10 

400 

1.0 

100 

1.0 

1260 

1N4730 

1M3.9ZS10 

3.9 

64 

9.0 

400 

1.0 

50 

1.0 

1190 

1N4731 

1M4.3ZS10 

4.3 

58 

9.0 

400 

1.0 

10 

1.0 

1070 

1N4732 

1M4.7ZS10 

4.7 

53 

8.0 

500 

1.0 

10 

1.0 

970 

1N4733 

1M5.1ZS10 

5.1 

49 

7.0 

550 

. 

■H 

ID 

890 

1N4734 

1M5.6ZS10 

5.6 

45 

5.0 

600 




810 

1N4735 

1M6.2ZS10 

6.2 

41 

2.0 

700 




730 

1N4736 

1M6.8ZS10 

6.8 

37 

3.5 

700 



ESI 

660 

1N4737 

1M7.5ZS10 

7.5 

34 

4.0 

700 


— 


605 

1N4738 

1M8.2ZS10 

8.2 

31 

4.5 

HB 

■ 

■n 



1N4739 

1M9.1ZS10 

9.1 

28 

5.0 

Ikk 





1N4740 

1M10ZS10 

10 

25 

7.0 






1N4741 

1M11ZS10 

11 

23 

8.0 






1N4742 

1M12ZS10 

12 

21 

9.0 

— 



9.1 


1N4743 

1M13ZS10 




■■ 1 1 Mill 


5.0 

9.9 

344 

1N4744 

1M15ZS10 






5.0 

11.4 

304 

1N4745 

1M16ZS10 






5.0 

12.2 

285 

1N4746 

1M18ZS10 



20 



5.0 

13.7 

250 

1N4747 

1M20ZS10 



22 



5.0 

15.2 

225 

1N4748 

1 M22ZS10 



23 

■ 

0.25 

5.0 

16.7 

205 

1N4749 

1M24ZS10 



25 


0.25 

5.0 

18.2 

190 

1N4750 

1 M27ZS10 



35 


0.25 

5.0 

20.6 

170 

1N4751 

1M30ZS10 



40 


0.25 

5.0 

22.8 

150 

1N4752 

1 M33ZS10 



45 


0.25 

5,0 

25.1 

135 

1N4753 

1 M36ZS10 

36 

7.0 

50 

1000 

0.25 

5.0 

27.4 


1N4754 

1M39ZS10 

39 

6.5 

60 

1000 

0.25 

5.0 

29.7 


1N4755 

1M43ZS10 

43 

6.0 

70 

1500 

0.25 

5.0 

32.7 


1N4756 

1M47ZS10 

47 

5.5 

80 

1500 

0.25 

5.0 

35.8 


1N4757 

1M51ZS10 

51 

5.0 

95 

1500 

0.25 

5.0 

38.8 


1N4758 

1M56ZS10 

56 

4.5 

110 



5.0 

42.6 

80 

1N4759 

1M62ZS10 

62 

4.0 

125 



5.0 

47.1 

70 

1N4760 

1M68ZS10 

68 

3.7 

150 



5.0 

51.7 

65 

1N4761 

1M75ZS10 

75 

3.3 

175 



5.0 

56.0 

60 

1N4762 

1M82ZS10 

82 

3.0 

200 


■H 

5.0 

62.2 

55 

1N4763 

1M91ZS10 

91 

2.8 

250 

flEESSU 

0.25 

5.0 

69.2 

50 

1N4764 

1M100ZS10 

100 

2.5 

350 


0.25 

5.0 

76.0 

45 

— 

1M110ZS10 

110 

2.3 

450 



5.0 

83.6 

— , , 

- 

1M120ZS10 

120 

2.0 

550 



5.0 

91.2 

- 

- 

1M130ZS10 

130 

1.9 

700 



5.0 

98.8 

_ 

- 

1M150ZS10 

150 

1.7 

1000 


KiJFpH 



- 

- 

1M160ZS10 

160 

1.6 

1100 




J 

— 

— 

1M180ZS10 

180 

1.4 

1200 





— 

- 

1M200ZS10 

200 

1.2 

1500 

IBiSSU 



152.0 

- 


NOTE 1 - TOLERANCE AND TYPE NUMBER DESIGNATION 


* Indicates JEDEC Registered Data 


The JEDEC type numbers listed have a standard tolerance on 
the nominal zener voltage of ±10%. A standard tolerance of ±5% 
on individual units is also available and is indicated by suffixing 
“A" to the standard type number. 

NOTE 2 - SPECIALS AVAILABLE INCLUDE: 

(A) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT- 
AGES SHOWN AND TIGHTER VOLTAGE TOLER- 
ANCES: To designate units with zener voltages other 
than those assigned JEDEC numbers and/or tight voltage 
tolerances (±5%, ±3%, ±2%, ±1%), the Motorola type 
number should be used. 


(B) MATCHEDSETS: (Standard Tolerances are ±5.0%, ±3.0%, 

± 2 . 0 %, ± 1 . 0 %). 

Zener diodes can be obtained in sets consisting of two 
or more matched devices. The method for specifying such 
matched sets is similar to the one described in (A), except 
that two extra suffixes are added to the code number 
described. 

These units are marked with code letters to identify the 
matched sets and, in addition, each unit in a set is marked 
with the same serial number, which is different for each set 
being ordered. 


Device 

Description 


_T 


90 


Motorola Nominal 
Voltage 


Z S 3 

Tolerance 

(±%) 

Surmetic 

Zener 

Diode 


1 M 

5 1 2 

S 5 

Device T" 

Motorola 

I ' 

51 Volts 

Surmetic 

Description 

(each device) 


*Code: 

Zener 


_ _ . Diodes J 

B — Two devices in series 



C - Three devices in series Tolerance 4 

D — Four devices in series per device (±5%) 

(omit for ±20% units) 


B 1 

T T 

Overall 
Tolerance 
of set 
(± 1 %) 


I Code* 

(A-Not used) 


Example: 


1M90ZS3 


Example: 


1M51ZS5B1 































1N4728 thru 1N4764 (continued) 
1M110ZS10 thru 1M200ZS10 


(C) ZENER CLIPPERS: (Standard Tolerance ±1 0% and ±5%). 

Special clipper diodes with opposing Zener junctions built 
into the device are available by using the following nomen- 
clature: 



NOTE 3 - ZENER VOLTAGE (V Z ) MEASUREMENT 

Motorola guarantees the zener voltage when measured at 90 
seconds while maintaining the lead temperature (T|_) at 30°C± 1°C, 
3/8" from the diode body. 

NOTE 4 - ZENER IMPEDANCE (Z Z ) DERIVATION 

The zener impedance is derived from the 60 cycle ac voltage, 
which results when an ac current having an rms value equal to 10% 
of thedc zener current (l Z j or l z «) is superimposed on l Z j or l Z «. 

NOTE 5 - SURGE CURRENT (i r ) NON-REPETITIVE 

The rating listed in the electrical characteristics table is maxi- 
mum peak, non-repetitive, reverse surge current of 1/2 square wave 
or equivalent sine wave pulse of 1/120 second duration super- 
imposed on the test current, l Z y, per JEDEC registration, however, 
actual device capability is as described in Figures 4 and 5. 


APPLICATION NOTE 

Since the actual voltage available from a given zener diode is 
temperature dependent, it is necessary to determine junction tem- 
perature under any set of operating conditions in order to calculate 
its value. The following procedure is recommenced: 

Lead Temperature, T should be determined from: 

T L = ^ LA P D + T A 

<?LA is the lead-to-ambient thermal resistance (°C/W) and 
Pq is the power dissipation. The value for #i_A wil1 var V 
and depends on the device mounting method. 0|_A is 9 erv 
erally 30-40°C/W for the various clips and tie points in 
common use and for printed circuit board wiring. 

The temperature of the lead can also be measured using a thermo- 
couple placed on the lead as close a$ possible to the tie point. The 
thermal mass connected to the tie point is normally large enough 
so that it will not significantly respond to heat surges generated in 
the diode as a result of pulsed operation once steady-state condi- 
tions are achieved. Using the measured value of Tj_, the junction 
temperature may be determined by: 

Tj = T L + AT JL 

ATj|_ is the increase in junction temperature above the lead 
temperature and may be found from Figure 2 for a train of 
power pulses ( L = 3/8 inch) or from Figure 3 for dc power. 

AT JL = 0 JL P D 

For worst-case design, using expected limits of l z , limits of Pq 
and the extremes of Tj(ATj) may be estimated. Changes in voltage, 
V z , can then be found from: 

AV = 0y Z ATj 

6\j z , the zener voltage temperature coefficient, is found from 
Figures 6 and 7. 

Under high power-pulse operation, the zener voltage will vary 
with time and may also be affected significantly by the zener resist- 
ance. For best regulation, keep current excursions as low as possible. 

Data of Figure 2 should not be used to compute surge capability. 
Surge limitations are given in Figure 4. They are lower than would 
be expected by considering only junction temperature, as current 
crowding effects cause temperatures to be extremely high in small 
spots resulting in device degradation should the limits of Figure 4 
be exceeded. 
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1N4728 thru 1N4764 (continued) 
1M1 10ZS10 thru 1M200ZS10 


FIGURE 2 - TYPICAL THERMAL RESPONSE, LEAD LENGTH L= 3/8 INCH 



FIGURE 3 -TYPICAL THERMAL RESISTANCE 



FIGURE 4 -MAXIMUM NON-REPETITIVE SURGE POWER 

1000 


800 

700 

c* 600 

1 = 500 
< 

\ 400 

UJ 

1 300 

UJ 

CD 

cc 

5 200 


100 

2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

Vz, ZEN E R VO LTAG E (VO LTS) 






r~ 

F 

: USED JUNCTIO 

M 

— 




- 























u 

t 

VILt 


















( 



















— 

— 

— - 

— 

_ 

— 






























SQ 

UARE 

WAV 

EP 

UL 

SE 













ruu>t mum =u.ui ms- 
duty nyr.tF = n% 












tl 

= 27°{ 

±2 C 

C@ 

3/ 

8” 













E 












■ 






ALLOY J 

UNCT 

ON 

u 

)EV 

u 

1C 

_ 

L 






1.0 
0.7 
| 0.5 

o 

if 0.3 

| 0.2 
o 

p- 
LU 

g 0.1 

^ 0.07 
| 0.05 

< 0.03 
| 0.02 

0.01 

0.01 0.03 0.05 0.07 0.1 0.3 0.5 0.7 1.0 3.0 5.0 7.0 10 30 50 70 100 300 500 7001000 

SQUARE WAVE PULSE WIDTH (ms) 



1—108 











0Vz, TEMPERATURE COEFFICIENT (mV/0C) @ | ZT 


1N4728 thru 1N4764 (continued) 
1 Mil OZSIO thru 1M200ZS10 


TEMPERATURE COEFFICIENTS AND VOLTAGE REGULATION 

(90% OF THE UNITS ARE IN THE RANGES INDICATED) 

FIGURE 6 - TEMPERATURE COEFFICIENT-RANGE FIGURE 7 - TEMPERATURE COEFFICIENT-RANGE 

FOR UNITS TO 12 VOLTS FOR UNITS 10 TO 200 VOLTS 

10 

8.0 

6.0 

4.0 

2.0 

0 

- 2.0 
-4.0 

3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 11 12 ~ 0 20 40 60 80 100 120 140 160 180 

Vz, ZENER VOLTAGE @ IZT (VOLTS) Vz, ZENER VOLTAGE @ IZT (VOLTS) 



FIGURE 8 -VOLTAGE REGULATION 



Vz, ZENER VOLTAGE AT IZT (VOLTS) 


FIGURE 9 - MAXIMUM REVERSE LEAKAGE 
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lN4765thru 1 n4774 
i n 477 5 thru in4784 

For Specifications, See 1N4565 Data. 


in4896,A 

thru 

in4915, A 

12.8 V ± 5.0% 

im4916,A 

thru 

in4932,A 

19.2 V± 5.0% 


LOW NOISE 

TEMPERATURE-COMPENSATED 
ZENER REFERENCE DIODES 


Highly reliable reference sources utilizing an oxide-passivated junc- 
tion for long-term voltage stability. RamRod construction provides 
a rugged, glass-enclosed, hermetically sealed structure. 


• Low Noise Density Specified for Critical Applications 

• Low Power Drain 

Devices Specified @ 0.5 mA, ,1.0 mA, 2.0 mA, 4.0 mA, 
and 7.5 mA 

• Maximum Voltage Change Specif ied over Test Temperature Range 

• Temperature Compensation Guaranteed over Two Standard Oper- 

ating Temperature Ranges: 

+25 to +100°C 
-55 to +100°C 


MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C 

DC Power Dissipation: 400 Milliwatts at 50°C Ambient 
(Derate 3.2 mW/°C Above 50°C) 


MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed, all-glass 

DIMENSIONS: See outline drawing. 

FINISH: All external surfaces are corrosion resistant and leads are readily 
solderable and weldable. 

POLARITY: Cathode indicated by polarity band. 

WEIGHT: 0.2 Gram (approx) 

MOUNTING POSITION: Any 
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1N4896, A thru 1N4915A, 1N4916,thru 1N4932, A (continued) 





Dynamic 



Temp. Coeff. 

Imped. 


AV Z 

for Ref. 

Ohms 

Type 

Volts 

%/°C 

Max 

Number 

(Note 1) 

(Note 1) 

(Note 2) 


*ZT = 0-5 mA *N 0 = 0-8 






Dynamic 



Temp. Coeff. 

Imped. 


AV Z 

for Ref. 

Ohms 

Type 

Volts 

%/°C 

Max 

Number 

(Note 1) 

(Note 1) 

(Note 2) 


l 2T = 0.5 mA *N D = 1.0 — 
n/Hz 




1N4916 

0.144 

0.01 




1N4916A 

0.298 

0.01 




1N4917 

0.072 

0.005 




1N4917A 

0.149 

0.005 

600 



1N4918 

0.029 

0.002 




1N4918A 

0.060 

0.002 





mV 



l Z T= 10 mA Nn = 0.5 




VHz 



1N4919 

0.144 

0.01 




1N4919A 

0.298 

0.01 




1N4920 

0.072 

0.005 




1N4920A 

0.149 

0.005 

300 



1N4921 

0.029 

0.002 


Vz = 19.2 V 


1N4921 A 

0.060 

0.002 




mV 

I 7 T = 2.0 mA Nn = 0.25 

TEMPERATURE 




RANGE: 






1N4922 

0.144 

0.01 


STANDARD 


1N4922A 

0.298 

0.01 


DEVICES 


1 N4923 

0.072 

0.149 

0.029 

0.005 

150 

+25, +75, +100°C 


1 N4924 

0.002 



1 N4924A 

0.060 

0.002 


"A" SUFFIX 






-55. 0, +25, 

+75, +100°C 


l Z T “ 4.0 mA 

* A V 

*N D = 0.22 — 
n/Hz 



1N4925 

0.144 

0.01 




1N4925A 

0.298 

0.01 




1 N4926 

0.072 

0.005 




1N4926A 

0.149 

0.005 




1N4927 

0.029 

0.002 

75 



1 N4927A 

0.060 

0.002 




1N4928 

0.014 

0.001 




1N4928A 

0.030 

0.001 




l Z j = 7.5 mA 

M v 

*N D = 0.20 — 

\J Hz 



1N4929 

0.144 

0.01 




1N4929A 

0.298 

0.01 




1N4930 

0.072 

0.005 




1N4930A 

0.149 

0.005 

36 



1N4931 

0.029 

0.002 




1N4931 A 

0.060 

0.002 




1 N4932 

0.014 

0.001 




1 N4932 A 

0.030 

0.001 



NOTE 1 : 

Voltage Variation (AV Z ) and Temperature Coefficient. 

All reference diodes are characterized by the “box method". This 
guarantees a maximum voltage variation (AV Z ) over the specified 
temperature range, at the specified test current (l z -|-), verified by 
tests at indicated temperature points within the range. V z is meas- 
ured and recorded at each temperature specified. The AV Z between 
the highest and lowest values must not exceed the max AV Z given. 
This method of indicating voltage stability is now used for JEDEC 
registration as well as for military qualification. The former method 
of indicating voltage stability — by means of temperature coefficient — 
accurately reflects the voltage deviation at the temperature ex- 
tremes, but is not necessarily accurate -within the temperature range 
because reference diodes have a nonlinear temperature relationship. 
The temperature coefficient, therefore, is given only as a reference. 


NOTE 2: Zener Impedance Derivation 

The dynamic zener impedance, Z Z j, is derived from the 60-Hz ac 
voltage drop which results when an ac current with an rms value 
equal to 10% of the dc zener current, l z -|-, is superimposed on l z -f-. 
A cathode-ray tube curve-trace test on a sample basis is used to en- 
sure that the zener has a sharp and stable knee region. 


*NOISE DENSITY MEASUREMENT METHOD 



Noise Density V out 

(Volts per Square Root Bandwidth) = 

Overall Gain BW 


Where BW = Filter Bandwidth (Hz) 

V ou t Output Noise (Volts RMS) 

The input voltage and load resistance are high so that the zener diode 
is driven from a constant current source. The amplifier is low noise 
so that the amplifier noise is negligible compared to that of the test 
TC zener. The filter bandpass is known so that the noise density 
can be calculated from the formula shown. 
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in 4933 thru in4937 
MR2271 


Designers Data Sheet 


SUBMINIATURE SIZE, AXIAL LEAD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 


. . . designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF interfer- 
ence and free wheeling diodes. A complete line of fast recovery 
rectifiers having typical recovery time of 100 nanoseconds providing 
high efficiency at frequencies to 250 kHz. 


FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
1 AMPERE 


Designer's Data for “Worst Case" Conditions 

The Designers Data Sheet permits the design of most circuits entirely from the 
information presented. Limit curves — representing device characteristics boundaries — 
are given to facilitate "worst case" design. 


’MAXIMUM RATINGS 


Rating 

Symbol 

1N4933 

1N4934 

1N4935 

MR2271 

1N4936 

1N4937 

Unit 

Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

V RRM 

V RWM 

Vr 

50 

100 

200 

300 

400 

600 

Volts 

Non-Repetitive Peak Reverse Voltage 

Vrsm 

75 

150 

250 

350 

450 

650 

Volts 

RMS Reverse Voltage 

. V R(RMS) 

35 

70 

140 

210 

280 

420 

Volts 


'O 

m 1 Q 


(Single phase, resistive load, 

T a = 75°C) 



Non-Repetitive Peak Surge Current 
(surge applied at rated load 
conditions) 

Tsm 

30 



Amps 

Operating Junction Temperature Range 

T 


o 









Storage Temperature Range 








°C 

1 stg 



’THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 
(Typical Printed Circuit 

Board Mounting) 

R 0JC 

65 

°C/W 


’ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

’Instantaneous Forward Voltage 
(IF =3.14 Amp, Tj = 150°C) 

VF 

- 

1.0 

1.2 

Volts 

Forward Voltage 

(Ip = 1.0 Amp, T a = 26°C) 

v f 

- 

1.0 

1.1 

Volts 

’Reverse Current (rated dc voltage) T A = 25°C 

•r 

- 

1.0 

5.0 

mA 

T a = 100°C 


- 

50 

100 



’REVERSE RECOVERY CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Recovery Time 

t rr 

_ 

100 

200 

ns 

(Ip = 1.0 Amp to Vr = 30 Vdc) (Figure 21) 






(Irm = 15 Amp, di/dt = 10 A /jus) (Figure 22) 


- 

150 

300 


Reverse Recovery Current 

'RM(REC) 

- 

1.0 

2.0 

Amp 

Of = 1.0 Amp to Vr = 30 Vdc) (Figure 21) 








MECHANICAL CHARACTERISTICS 

CASE: Void Free, Transfer Molded 
FINISH: External leads are gold 
plated, leads are readily 
solderable 

POLARITY: Cathode indicated by 
Polarity band. 

WEIGHT: 0.4 Gram (Approximately) 


* Indicates JEDEC Registered Data for 1N4933 Series 
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IF(AV), AVERAGE FORWARD CURRENT (AMP) 






I CURRENT (AMP) Ip(AV). AVERAGE FORWARD CURRENT (AMP) 


1N4933thru 1N4937, MR2271 (continued) 
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1N4933 thru 1N4937, MR2271 (continued) 



0.05 0.1 0.2 0.4 1.0 2.0 4.0 10 20 40 100 200 400 1000 2000 5000 

t,TIME (ms) 



LEAD LENGTH (INCHES) 


NOTE 1 


NOTE 2 


FLTL 


DUTY CYCLE, D = t p /ti 
PEAK POWER. P p k, is peak of an 
equivalent square power pulse. 


To determine maximum junction temperature of the diode in a given situation, 
the following procedure is recommended: 

The temperature of the case should be measured using a thermocouple placed 
on the case at the temperature reference point (see Note 3). The thermal mass 
connected to the case is normally large enough so that it will not significantly 
respond to heat surges generated in the diode as a result of pulsed operation once 
steady-state conditio ns are achieved. Using the measured value of Tc, the junction 
temperature may be determined by: 

Tj = Tq + a Tjc 

where A Tjc is the increase in junction temperature above the case temperature. 
It may be determined by: 

A Tjc = P p k -R0JC [D + (1 - D) • r(t| + t p ) + r(t p ) - r(ti)] 
where 

r(t) = normalized value of transient thermal resistance at time, t, from Figure 
3, i.e.: 

r (ti + tp) = normalized value of transient thermal resistance at time t] + t p . 


Data shown for thermal resistance junction-to-ambient (0 ja) for the 

mountings shown is to be used as typical guideline values for preliminary 

engineering or in case the tie point temperature cannot be measured. 


TYPICAL VALUES FOR 0j A IN STILL AIR 


BBflj 










HHEHU 

E9 

mpm 

EH 

mm 


HHEHH 

mil Mi 


mm 

inn 

E3II? 1 



LfrWVll 


MOUNTING METHOD 1 MOUNTING METHOD 3 



Plane 


FIGURE 14 - THERMAL CIRCUIT MODEL 

(For Heat Conduction Through The Leads) 



mounting configuration to be found. For a given total lead length, lowest values 
occur when one side of the rectifier is brought as close as possible to the heat 
sink. Terms in the model signify: 


T a = Ambient Temperature RflS = Thermal Resistance, Heat Sink to Ambient 
T|_ = Lead Temperature R 0L = Thermal Resistance, Lead to HeatSink 
Tc = Case Temperature R#j = Thermal Resistance, Junction to Case 
Tj ? Junction Temperature Pq = Power Dissipation 
(Subscripts A and K refer to anode and cathode sides respectively.) 

Values for thermal resistance components are: 

R# L = 112°C/W/IN. Typically and 128°C/W/IN Maximum 
Rflj = 18°C/W Typically and 30°C/W Maximum 

The maximum lead temperature may be calculated as follows: 

T L « 150° -aTj L 

aTjl can be calculated as shown in NOTE 1 or it may be approximated 
as follows: 

aTjl j%j " r 0JL • P F< - P F may be formulated for sine-wave operation from 
Figure 3 or from Figure 4 for square-wave operation. 
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1N4933 thru 1N4937, MR2271 (continued) 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 15 - FORWARD RECOVERY 
TIME 




TYPICAL RECOVERED STORED CHARGED DATA 
FIGURE 17 - Tj = 25° C FIGURE 18 - Tj = 75°C 



1.0 2.0 5.0 10 20 50 100 1.0 2.0 5.0 10 20 


di/dt (AMP/pis) di/dt, (AMP/pts) 


FIGURE 19 — Tj = 100°C FIGURE 20 - T j = 150°C 



1.0 2.0 5.0 10 20 50 100 1.0 2.0 5.0 10 20 

di/dt, (AMP/pts) di/dt (AMP/ps) 
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1N4933 thru 1N4937, MR2271 (continued) 


RECOVERY TIME 


FIGURE 21 - REVERSE RECOVERY 
CIRCUIT 


NOTE 3 



Rl - ADJUSTED FOR 1.4 12 BETWEEN +10 

POINT 2 OF RELAY ANO RECTIFIER T A = 25 _ Q °C FOR RECTIFIER 

INDUCTANCE * 38 ^iH 


FIGURE 22 - JEDEC REVERSE RECOVERY 


CIRCUIT 



Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than- 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using Ip = 1.0 A, Vr = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 



From stored charge curves versus di/dt, recovery time (t rr ) 
and peak reverse recovery current Urm(REC)) can be closely 
approximated using the following formulas: 


,f q R 
.di/dt. 


iRMiREC) = 1-41 x [q r x di/dt] 1/2 


FIGURE 23 - TYPICAL 
REVERSE LEAKAGE 



Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 24 - NORMALIZED REVERSE CURRENT 



20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 

Tj, JUNCTION TEMPERATURE (°C) 


1n4997 thru 1n5003 

For Specifications, See 1N4719 Data. 
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2N... JEDEC REGISTERED 
DEVICE SPECIFICATIONS 



2N173 (GERMANIUM) 


For Specifications, See 2N277 Data. 


2Nl 74 (GERMANIUM) 

2N1100 

2N1358>A 



CASE 5 

(TO-36) 


PNP germanium power transistors. Power dissipa- 
tion and junction temperature ratings exceed those of 
EIA registration. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N174 

2N1100 

2N1358 

Unit 

Collector -Base Voltage 

a 

o 

> 

80 

100 

80 

Vdc 

Emitter-Base Voltage 

V EB 

60 

80 

60 

Vdc 

Emitter Current (Continuous) 

l E 

15 

15 

15 

Amp 

Base Current (Continuous) 


4.0 

4.0 

4.0 

Amp 

Junction and Storage Temperature 

T J> T Stg 

-65 to +110 

°C 

Thermal Resistance, Junction to Case 

«JC 

0.5 

°c/w 
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2N174, 2N1 100, 2N1358 (continued) 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Minimum 

Typical 

Maximum 

Unit 

Collector -Base Cutoff Current 

2N174 

£ CBO 


100 


mA 

( V CB = 2 volts ) 

2N1100 


- 

100 

” 


2N1358 


- 

100 

200 


Collector -Base Cutoff Current 


| 


mm 


mA 

(V rn = 1.5 volts, V~ n = 80 volts) 
EB CB 10Q 

2N174 

CBO 

- 


8. 0 


2N1100 


- 

MB 

8.0 


80 

2N1358 


- 

2.0 

8.0 


Emitter -Base Cutoff Current 


X EBO 




mA 

(V„_= 60 volts) 

EB 80 

2N174 

- 

1.0 

8. 0 


2N1100 


- 

1. 0 

8.0 


60 

2N1358 


- 

1.0 

8.0 


Collector -Base Cutoff Current 


X CBO 




mA 

(Vpn = 80 volts, 71 °C) 

CB 100 

2N174 

- 

- 

15 


2N1100 


- 

- 

15 


60 

2N1358 


- 

4.0 

6.0 


Emitter -Base Cutoff Current 


J EBO 




mA 

( V EB = 30 volts, 71 °q 

2N1358 

- 

4.0 

6.0 


Collector -Emitter Voltage 


bv ces* 

mm 



Vdc 

(I c = 300 mA, V EB = 0) 

2N174 

■■ 


- 


2N1100 


imSM 


- 



2N1358 


1 

mm 

- 


Collector -Emitter Voltage 


bv ceo* 


H 


Vdc 

(IC = 1.0 amp, Ib = 0) 

2N174 


HE 1 

- 


1.0 amp, Ib = 0 

2N1100 



jj^^H 

- 


300 mA, I B = 0 

2N1358 


40 

Hi 

- 


Floating Potential 


V EBF 




volt 

(*E * 0, Vcb = 80 volts) 

2N174 

- 

- 

1.0 


100 

2N1100 


- 

- 

1.0 


80 

2N1358 

j 


- 

0.15 

1.0 


Current Gain 


h FE 




WBM 

(Ic = 1. 2 amp, VCB = 2 volts) 

2N1358 

40 

55 

80 

H 

(IC = 5 amp, Vcb = 2 volts) 

2N174 


25 

- 

50 



2N1100 


25 

- 

50 



2N1358 


25 

35 

- 


(IC = 12 amp, Vcb = 2 volts) 

2N174 


- 

20 

- 

Hi 


2N1100 


- 

20 

- 

H 

Base -Emitter Voltage 


v 

v BE 




Vdc 

(IC = 1. 2 amp, Vcb = 2 volts) 

2N1358 

- 

0.35 

0. 5 


(IC = 5 amp, Vcb = 2 volts) 

2N174 


- 

0.65 

0. 9 



2N1100 


- 

0.65 

0.9 



2N1358 

1 


- 

0.65 

0. 9 


Saturation Voltage 

| 

V CE(sat) 




Vdc 

(Ic = 12 amp, I B = 2 amp) 

2N174 

- 

0.3 

0.9 



2N1100 


- 

0.3 

0. 7 



2N1358 


- 

0.3 

0. 7 


Common -Emitter 

Cutoff Frequency 


£ <*e 




kHz 

(Ic = 5 amp, V CE = 6 volts) 

2N174 

2N1100 

- 

10 

“ 



Common -Base 

Cutoff Frequency 




■ 

■ 

kHz 

(%.= 1 amp, Vq B = 12 volts) 

2N1358 | 

100 




Rise Time ("on" Ic = 12 Adc, 


t. 




^s 

IB = 2 Adc, VcE = 12 volts) 


r 

- 

15 

- 


Fall Time (’’off” Ic = 0, 



■ 



M s 

^EB = -8 volts, R E b - I® ohms) 


| 

15 

- 



* In order to avoid excessive heating of the collector junction, perform test by the sweep method. 
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2N174, 2N1100, 2N1358 (continued) 


CURRENT TRANSFER CHARACTERISTICS 



l„, BASE CURRENT (AMPERES) 


TRANSCONDUCTANCE CHARACTERISTICS 



V HK , BASE VOLTAGE (VOLTS) 



0 20 40 60 80 1 00 110 

T c , Case Temperature (°C) 


The maximum continuous power is related to maximum 
junction temperature by the thermal resistance factor. 

This curve has a value of 150 Watts at case tempera- 
tures of 25°C and is 0 Watts at 1 10°C with a linear relation 
between the two temperatures such that: 

„ Li „ 110° - T c 

allowable Pi> = — 



COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 



COLLECTOR-EMITTER VOLTAGE (VOLTS) 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 



2N 176 (GERMANIUM) 

2N669 



CASE 1 1 

(TO-3) 


PNP germanium power transistors for economical 
power switching circuits and commercial grade power 
amplifier applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector -Base Voltage 

V CB 

40 

Vdc 

Collector-Emitter Voltage 

V CES 

30 

Vdc 

Collector Current (Continuous) 

r c 

3.0 

Amp 

Storage and Junction Temperature 

Tj, T s tg 

-65 to +100 

°C 

Total Device Dissipation 

(At 25 °C Case Temperature) 

Pd 

90 

Watts 

Thermal Resistance 
(Junction to Case) 

0 jc 

0.8 

°c/w 



o 10 20 30 40 50 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREAS 


The Safe Operating Area Curves indicate 
Ic — Vce limits below which the device will 
not go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case 
temperature and duty cycle of the excur- 
sions make no significant change in these 
safe areas.) To insure operation below the 
maximum Tj, the power-temperature de- 
rating curve must be observed for both 
steady state and pulse power conditions. 


























2N176, 2N669 (continued) 


ELECTRICAL CHARACTERISTICS (Tc= 25°C unless otherwise noted) 


Characteristic 

Symbol 

Minimum 

Typical 

Maximum 

Unit 

Collector- Base Cutoff Current 


X CBO 





V CB = 30V, I e = 0 


— 

— 

3.0 

mA 

V CB = 2. 0 V, I E =0 



— 

50 

— 

MA 

V CB = 30 V, I E =0, T c = 90°C 



— 

— 

20 

mA 

Emitter-Base Cutoff Current 


X EBO 

■ 



mA 

V EB = 10V,Ic=0 




2.0 


Collector- Emitter Breakdown Voltage 



■ 



Vdc 

= 330 mA, R be = 10 Ohms 

2N176 

bv cer 

1 

— 

— 



2N669 

bv ces 

mm 

— 

— 


Collector- Emitter Saturation Voltage 


V CE(SAT) 



0.4 

Vdc 

Iq = 3 A, Ig = 300 mA 


— 

— 


DC Forward Current Transfer Ratio 


h FE 




| 

V CE = 2 - 0V > I C =0-5A 

2N176 

25 

— 

— 


2N669 


75 

— 

250 

1 

Power Gain 


°PE 




dB 

P out = 2 Watts > V CE = 12 v > l C = 0,5 Am P> 
f = 1 kHz, Rg = 10 Ohms, Rg = 26.6 Ohms 

2N176 

34 


37 




2N669 


38 

— 

— 


Total Harmonic Distortion 






% 

(under same conditions of power gain) 






Small- Signal Current Gain Cutoff Frequency 


f ae 




kHz 

Vce = 12 V, I c = 0.5 Amp, f = 1 kHz ref 

2N176 



— 


2N669 




- — 


Small-Signal Forward-Current Transfer Ratio 


h f 





V C e = 2.0 V, I c = 0.5 Amp, f = 1 kHz 

2N176 

fe 

— 

45 

— 


2N669 


— 

90 

— 

1 

Small- Signal Input Impedance 


wm 




Ohms 

V CE = 2. 0 V, I c = 0.5 Amp, f = 1 kHz 

2N176 

7.0 

— 

25 


2N669 

1 

10 

— 

50 



INPUT CURRENT versus EMITTER DRIVE VOLTAGE 

(Both Types) 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

V„ R , BASE-EMITTER VOLTAGE (VOLTS) 


POWER-TEMPERATURE DERATING CURVE 

(Both Types) 



0 20 40 60 80 100 

T c , CASE TEMPERATURE (°C) 
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2N 178 (GERMANIUM) 

2N554 

2N555 

PNP germanium power transistor for non-critical 
power amplifier and power switching applications re- 
quiring economical components. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N178 

2NSS4 

2NSS5 

Unit 

Collector-Emitter Voltage 

V CER 

30 

16 



Collector-Base Voltage 

V CB 

30 

15 



Emitter-Base Voltage 

V EB 

20 

15 

15 

Vdc 

Collector Current 

! c 

3.0 

Adc 

Total Device Dissipation @ = 80°C 

P D 

10 

Watts 

Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-40 to +90 

°C 




TC, CASE TEMPERATURE (°C> 



0 10 20 30 40 SO 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREAS 2N554 



The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 


(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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.COLLECTOR CURRENT (AMPERES) 


2N178, 2N554, 2N555 (continued) 

ELECTRICAL CHARACTERISTICS <T C -2S°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 


















2N242 (GERMANIUM) 

2N307, A 

PNP germanium power transistors for general pur- 
pose power amplifier and switching applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N242 

2N307, 307A 

Unit 

Collector -Base Voltage 

V CB 

45 

35 

Volts 

Collector-Emitter Voltage (Rgg = 30ft) 

v 

V CER 

45 

- 

Volts 

Collector- Emitter Voltage 

V CEO 

- 

35 

Volts 

Emitter -Base Voltage 

V EB 

- 

10 

Volts 

Collector Current 

l c 

5.0 

5.0 

Amp 

Junction Temperature Range 

T J 

-65 to + 110 

-65 to +110 

°C 

Collector Dissipation (at = 25°C) 

P D 

106 

106 

! 

Watts 



ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Min 


Characteristic 

i 

Collector -Base Cutoff Current 


(V C B = 2 Vdc) 

2N307 

(V CB = 25 Vdc) 

2N307 


2N307A 

(V C b = 1 Vdc, % = °' T C = 85 ° C) 

2N242 

. . i 

Emitter- Base Cutoff Current 


(V EB = 10 Vdc) 


Collector -Emitter Cutoff Current 


(V rT r = 45 Vdc, Rrf =30 ft) 

2N242 

(V CE = 25 Vdc, R be =30 ft) 

2N242 

(Vp E = 35 Vdc, Rrf =30 ft) 

2N307 


2N307A 

Base -Emitter Voltage 


(V C £ = 1.5 Vdc, I C = l.OAdc) 

2N242 

Collector -Emitter Saturation Voltage 


(I C = 2. 0 Adc, I B = 200 mAdc) 

2N242 

(IC = 0. 2 Adc, 1b = 20 mAdc) 

2N307 

(IC =1.0 Adc, Ib = 100 mAdc) 

2N307A 

DC Current Gain 


(V C £ = 12 Vdc, I c = 500 mAdc) 

2N242 

( v ce = 1 Vdc,, Ic = 200 mAdc) 

2N307 


2N307A 

Common Emitter Cutoff Frequency 


(V CE = 12 V, I C =0. 5 A) 

2N242 


2N307A 

(V CE = 6 V, I C = 1A) 

2N307 

Power Gain 


(l c = 0. 5 A, V CE = -14 V, R l = 30ft, 

2N242 

Rg = 10ft) 
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Ic, COLLECTOR CURRENT (AMP) 


2N277 (GERMANIUM) 

2n278 

2N173 

2N1099 


PNP germanium power transistors for general pur- 
pose power amplifier and switching applications. Pow 
er and temperature ratings exceed EIA registration. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N277 

2N278 

2N173 

2N1099 

Unit 

Collector -Base Voltage 

V CB 

40 

50 

60 

80 

Vdc 

Emitter -Base Voltage 

V EB 

20 

30 

40 

40 

Vdc 

Emitter Current -Continuous 

l E 

15 

Adc 

Base Current 

X B 

4.0 

Adc 

Total Device Dissipation @T C = 25°C 
Derate above 25°C 

P D 

170 

2.0 

Watts 

w/°c 

Operating and Storage Junction 
Temperature Range 

T J ,T stg 

-65 to +110 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

e JC 

0.5 

°c/w 



2N173 


SAFE OPERATING AREAS 
2N1099 2N277 




2N278 


COLLECTOR-EMITTER VOLTAGE (VOLTS) 


10 20 30 40 SO 60 70 80 90 100 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 



The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not ga into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 


(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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2N277, 2N278, 2NT73, 2N1099 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Collector- Base Cutoff Current 


V CB0 = 2V 


Collector- Base Cutoff Current 


V EB = 1.5 V, V CB = 40 V 

2N277 

50 

2N278 

60 

2N173 

80 

2N1099 

Emitter- Base Cutoff Current 


v EBO = 20 V 

2N277 

30 

2N278 

40 

2N173 

40 

2N1099 


Collector- Base Cutoff Current 


Collector-Emitter Voltage 
Iq = 300 mA , V BB = 0 


Collector-Emitter Voltage 
I^- = l Amp, Ig = 0 




Floating Potential 

I = 0, V rn = 40 V 2N277 

CB 50 2N278 

60 2N173 

80 2N1099 

v n 

Current Gain 

I c = 5 Amp, V CB = 2 V 

IC = 12 Amp, V CB = 2 V 

h FE 

Base- Emitter Voltage 

lC = 5 Amp, V CB = 2 V 2N277 

2N278 

2N173 

2N1099 

V BE 

Saturation Voltage 

I c = 12 Amp, I B = 2 Amp 2N277 

2N278 

2N173 

2N1099 

V CE(SAT) 

Common- Emitter Current Amplification 

Cutoff Frequency 

Ic = 5 Amp, Vce = 6 V 

oe 


Rise Time 

"on" I c = 12 Adc, 

I B =2 Adc, V CE = 12 V 


Fall Time 
"off" In = 0, 


* To avoid excessive heating of the collector junction, perform these tests with the sweep method. 



Maximum Unit 


#aA 


2.0 

8.0 

2.0 

8.0 

2.0 

8.0 

2.0 

8.0 
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2N277, 2N278, 2N173, 2N1 099 (continued) 



0 20 40 60 80 100 110 
T c , Case Temperature (°C) 


The maximum continuous 
power is related to maxi- 
mum junction temperature 
by the thermal resistance 
factor. 

This curve has a value of 
150 Watts at case tempera- 
tures of 25°C and is 0 Watts 
at 110°C with a linear rela- 
tion between the two tem- 
peratures such that : 


allowable Pd = 11Q ° o - — 


INPUT CHARACTERISTICS 



0 0.2 0.4 0.6 0.8 1.0 

Vbe» BASE-EMITTER VOLTAGE (VOLTS) 


CURRENT TRANSFER CHARACTERISTICS 



TRANSC0N0UCTANCE CHARACTERISTICS 



0 0.2 0.4 0.6 0.8 1.0 

V be , BASE-EMITTER VOLTAGE (VOLTS) 
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2n297A 


(GERMANIUM) 


CASE 1 1 

(TO-3) 



PNP germanium power transistor for military and 
industrial power switching and amplifier applications. 
Operating temperature range and collector dissipation 
rating exceeds military specifications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

60 

Vdc 

Collector-Emitter Voltage 

V CES 

50 

Vdc 

Collector-Emitter Voltage 

v 

v CEO 

40 

Vdc 

Emitter -Base Voltage 

V EB 

40 

Vdc 

Emitter Current 

l E 

5.0 

Amp 

Operating Temperature Range 

t j 

-65 to +110 

°C 

Collector Dissipation at 25° C 

Case Temperature 
(0 JC = 1 °C/W max) 

P 

85 

Watts 



0 20 40 60 80 100 110 

Tp, Case Temperature (°C) 
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2N297 A (continued) 

ELECTRICAL CHARACTERISTICS <Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Minimum 

Maximum 

Unit 

DC Current Transfer Ratio 

V C E= 2 V 

Ic = 0. 5 Adc 

h FE 

40 

100 

■ 

DC Current Transfer Ratio 

■Vce*. 2 V 

I c = 2.0 Adc 

h FE 

20 



Small- Signal Current Transfer Ratio 

Cutoff Frequency 

V CE = 14 Vdc 

Iq = 0. 5 Amp 

te 

5.0 


kHz 

Emitter- Base Cutoff Current 

V EB = 40 Vdc 

I C = o 

J EBO 


3.0 

mAdc 

Collector-Base Cutoff Current 

V CB = 2 Vdc 

i E = o 

^BO 


200 

juAdc 

Collector- Base Cutoff Current 

V CB = 60 Vdc 

I E = o 

r CBO 


3.0 

mAdc 

Base Current 

V CE = 2 Vdc 

Ic = 0. 5 Adc 

J B 

5.0 

12.5 


Base Current 

V rF = 2 Vdc 

I c = 2 Adc 

% 


100 

mAdc 

Emitter- Base Voltage 

V CE = 2vdc 

I C = 2 Adc 

V EB 


1.5 

Vdc 

Floating Potential 

V CB = 60 Vdc 

(Voltmeter input resistance 
= 10 Megohm min) 

V fl 


0. 18 

Vdc 

Collector-Emitter Saturation Voltage 

I c = 2 Adc 

I B = 200 mAdc 

V CE(SAT) 


1.0 

Vdc 

Collector- Emitter Voltage 

Ic = 300 mAdc 
i B = 0 

bv ceo 

40 


Vdc 

Collector- Emitter Voltage 

Ic = 300 mAdc 

V EB = 0 

bv ces 

50 


Vdc 

High- Temperature Operation 

T c = +71°C min 

Collector Cutoff Current 

V CB = 30 Vdc 

i E = 0 

t cbo 

— 

6.0 

mAdc 


2n307 (GERMANIUM) 

2n307A For Specifications, See 2N242 Data. 
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2n 319 thru 2 n 321 (Germanium) 


CASE 31(1) 

(TO-5) 


Base connected to case 



PNP germanium transistors for audio amplifier 
and low-frequency switching applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

25 

Vdc 

Collector-Emitter Voltage 

V CEO 

20 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 

X C 

500 

mAdc 

Junction and Storage Temperature 

mam 

-65 to + 100 

°C 

Power Dissipation at 25° C Ambient 



225 

mW 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristics 

Symbol 

Min 

Max 

Unit 

Collector Cutoff Current 


J CBO 




V CB « -25 Vdc, Ie = ° 


- 

16 

fJ Adc 

Emitter Cutoff Current 


^BO 




V EB = -15 Vd c. I c = 0 


- 

10 

//Adc 

Collector -Emitter Voltage 


bv cer 




I c = 0. 6 mAdc, Rg E = 10 K 


20 

- 

Vdc 

DC Current Gain 

I c = 20 mAdc, V CE = -1 Vdc 


h FE 




2N319 


25 

42 

_ 


2N320 


34 

65 



2N321 


53 

121 


DC Current Gain 

Ip » 100 mAdc, V CE - -1 Vdc 


h FE 




2N319 


23 

_ 

_ 


2N320 


30 

- 



2N321 


47 

- 


Base Input Voltage 


V BE 



mVdc 

V CE = -1 Vdc, I c = 20 mAdc 


180 

320 


Oitput Capacitance; Input AC Open Circuit 

C ob 




V CB = -5 Vdc, I £ = 1 mAdc, f = 

1 MHz 

- 

35 

pF 


Frequency Cutoff f 

V CB = -5 Vdc, I £ = 1 mAdc c 


2N319 

2N320 

2N321 





























































2n322 thru 2n324 (GERMANIUM) 

2N508 


CASE 31(1) 

(TO-5J 

Base connected to case 



PNP germanium transistors for audio driver and low 
power output service in entertainment equipment. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

v„„ 

CB 

18 

Vdc 

Collector-Emitter Voltage 

v 

CEO 

18 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 

J c 

500 

mAdc 

Junction and Storage Temperature 

T J’ T stg 

-65 to + 100 

°C 

Power Dissipation at 25° C Ambient 

P D 

225 

mW 


ELECTRICAL CHARACTERISTICS (Ta - 25°c unless otherwise noted) 


Characteristics 

Symbol 

Min 

Max 

Unit 

Collector Cutoff Current 

I CBO 




V CB =-16Vdc, ^=0 

- 

16 

juAdc 

Emitter Cutoff Current 

^EBO 




VEB-^Vdc.V 0 

- 

16 

/lAdc 

Collector -Emitter Voltage 

bv cer 




I c = 0. 6 mAdc, R fiE = 5 K 

18 

- 

Vdc 

DC Current Gain 

V pF = -1 Vdc, I p = 20 mAdc 
^ U 2N322 

h FE 

34 

65 


2N323 


53 

121 


2N324 


72 

198 


2N508 


99 

198 


Base Input Voltage 

V BE 




V CE = - 1 Vdc, I c = 20 mAdc 

180 

320 

mVdc 

Output Capacitance; Input AC Open Circuit 

C ob 




V^g * -5 Vdc, Ig = 1 mAdc, f = 1 MHz 

- 

35 

pF 

Frequency Cutoff 





V ru = -5 Vdc, I_ = 1 mAdc 

*• 2N322 


1.0 

— 

MHz 

2N323 


1.5 

— 


2N324 


2.0 

— 


2N508 


2.5 

— 
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(Germanium) 



PNP germanium transistor for audio range amplifier 
and switching service in military equipment. Have col- 
lector dissipation and storage temperature ratings sig- 
nificantly higher than those of the military specification 
(see maximum ratings table below). 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

30 

Volts 

Emitter-Base Voltage 

V EB 

12 

Volts 

Storage Temperature 


-65 to + 85 

°C 

Storage Temperature 

T stg 

-65 to + 100 

°C 

Collector Dissipation at T. = 25° C 
(MIL-S-19500/4C A 

(Derate 1.25 mW/°C above 25°C) 

P D 

75 

mW 

Collector Dissipation at T. = 25°C 
(JAN 2N331) A 

(Derate 2. 67 mW/°C above 25°C) 

P D 

200 

mW 


ELECTRICAL CHARACTERISTICS (T^ - 25 °C unless otherwise noted) 


Characteristics 

Symbol 

Min 

Max 

Unit 

Emitter Cutoff Current 
(V eb = -12 Vdc, I c = 0) 

J EBO 


10 

f*Adc 

Collector Cutoff Current 
(V CB = -30 Vdc, I E = 0) 

r CBO 

_ 

10 

/xAdc 

Small-Signal Open-Circuit Output Admittance 
(V CB = -6 Vdc, Ij. = 1. 0 mAdc, f = 1 kHz) 

h . 
ob 

_ 

1.0 

/imho 

Small-Signal Short-Circuit Input Impedance 
(V CB = -6 Vdc, Ig = 1. 0 mAdc, f = 1 kHz) 

h ib 


50 

Ohms 

Small-Signal Short-Circuit Forward-Current 
Transfer Ratio 

( V CE = “ 6 Vdc > X c = L0 mAdc, f = 1 kHz) 

^e 

30 

70 

- 

Small-Signal Short-Circuit Forward-Current 
Transfer Ratio Cutoff Frequency 
( V CB = -6 Vdc, Ig = 1 mAdc) 

f ab 

0.4 

— 

MHz 

Output Capacitance 
(V CB = -6 Vdc, Ig = 1 mAdc) 

C ob 


50 

pF 

Noise Figure 

(V CB = -6 Vdc, Lg = 1 mAdc, R g = 1000, ohms, 

f = 1 kHz , f «Al Hz ) 

NF 


20 

dB 
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2N331 (continued) 



T a , AMBIENT TEMPERATURE (°C) 


2-19 




DC CURRENT GAIN 


2N350A (GERMANIUM) 
2N351A 

2N376A 


PNP germanium power transistors for economical 
power switching applications and for power amplifiers 
requiring up to 4 watts of output power at relatively 
low distortion. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector- Base Voltage 

V CB 

50 

Vdc 

Collector- Emitter Voltage 

V CES 

40 

Vdc 

Collector Dissipation 

at 25°C mounting base temperature 

P D 

90 

Watts 

Collector Junction Temperature 

T J 

-65 to +100 

- - 1 

°C 

Thermal Resistance 
(Junction to Case) 

9 JC 

0.8 

°c/w 



CURRENT GAIN versus POWER TEMPERATURE 

COLLECTOR CURRENT (COMMON EMITTER) SAFE OPERATING AREAS DERATING CURVE 



The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 


(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and. pulse power conditions. 
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2N350A, 2N351 A, 2N376A (continued) 


ELECTRICAL CHARACTERISTICS (at mounting base temperature 25°C ± 3°C.) 


GENERAL 

Symbol 

Minimum 

Typical 

Maximum 

Unit 

Collector Cutoff Current 

V CB = 30 V 

X CBO 


_ 

3.0 

mA 

V CB = 2 V 


— 

50 

— 

ma 

V CB = 30 V, T = 100°C 


— 

— • 

30 

mA 

Emitter Cutoff Current 

V EB = 10 V 

! ebo 

— 

— 

2.0 

mA 

Collector Breakdown Voltage 

I c = 1 A (Rbe = 10Q) 

bv ces 

40 

. — 

. — . 

Vdc 

lc = 330 mA, Rbe — 0 
(This test should be made 
under dynamic conditions only) 







ELECTRICAL CHARACTERISTICS (at mounting base temperature 25°C ± 3°C.) 


COMMON EMITTER 


2N350A 

2N351A 

2N376A 

Unit 


Sym 


u 

Max 


Bffll 


21 

Typ 

1121 


Power Gain (±0.5 db) 

P out = 4 Watts, V CE = 12 V, 

I c = 0.7 A, f = 1 kHz 

g pe 


i 



— 

35 

B 

1 

37 

dB 

Total Harmonic Distortion 

under same conditions as power gain 


■ 

■ 


B 

— 

7.0 

■ 

B 


m 

DC Forward Current Gain 

V CE = 2 V, I C =0.7 A 

h FE 


■ 



B 



B 

120 


Current Gain Frequency Cutoff 

V CE = 12 V, I c = 0.7 A, 
f = 1 kHz ref 

f o!e 


■ 

1 


— 


5.0 

— 

— 

kHz 

Small-Signal Forward Current Gain 
f = 1 kHz , V CE = 2 V, I C = 0.7 A 

h fe 

B 


■ 

B 


B 

— 

60 

— 


Small- Signal Input Impedance 

f = 1 kHz , V CE = 2 V, I c = 0.7 A 

Ne 

5.0 

— 

17 

6.0 

fl 



B 





H 



B 

fl 

fl 

B 

fl 

■ 


Base-Emitter Voltage 

I c = 3 A, I B = 300 mA 

V 

V BE 



2.00 

— 


— 

— 

— 

— 

Vdc 

Collector Saturation Voltage 

I c =4 A, I B '= 400 mA 

V CE(SAT) 

■ 


fl 

fl 



fl 

B 

B 

Vdc 

Base- Emitter Voltage 

I c = 4 A, I B = 400 mA 


B 

■ 

B 

B 



B 

fl 


Vdc 

Collector Saturation Voltage 

I c = 5 A, I B = 500 mA 

V CE(SAT) 

— 

— 

— 

— 

— 

— 

— 

0.8 

1.75 

Vdc 

Base- Emitter Voltage 

I c = 5 A, I B = 500 mA 

V BE 

— 

— 

- 

— 

— 

— 

— 

1.0 

2.00 

Vdc 
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2N350A, 2N351A, 2N376A (continued) 


OUTPUT CURRENT versus INPUT CURRENT versus 

EMITTER-DRIVE VOLTAGE EMITTER-DRIVE VOLTAGE 




V„, BASE TO EMITTER VOLTAGE (VOLTS) 


V ll( BASE TO EMITTER VOLTAGE (VOLTS) 


2n375 (GERMANIUM) 

2N618 

2N1359 

2N1360 

2N1362 thru 2N1365 



(TO-3) 


PNP germanium power transistors for general pur- 
pose switching and amplifier applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N1359 

2N1360 

2N375 

2N618 

2N1362 

2N1363 

2N1364 

2N1365 

Unit 

Collector -Emitter Voltage 

V CES 

40 

60 

75 

100 

Vdc 

Collector -Base Voltage 

v 

V CB 

50 

80 

100 

120 

Vdc 

Emitter -Base Voltage 

V EB 

25 

40 

50 

60 

Vdc 

Collector Current -Continuous 

Peak 

l c 

3.0 

10 

Adc 

Total Device Dissipation @ = 25°C 

Derate above 25°C 

P D 

106 

1.25 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J ,T stg 

-65 to +110 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

%c 

0,8 

°c/w 
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2N375, 2N618, 2N1359, 2N1360, 2N1362 thru 2N1365 (continued) 

ELECTRICAL CHARACTERISTICS <Tc = 25°c unless otherwise noted) 


Characteristic 

Types 

Symbol 

Minimum 

Typical 

Maximum 

Unit 

Collector-Base Cutoff Current 
(V = 40 V, I = 0) 

= 50 v, i* = 0) 

2N1359, 2N1360 

X CBO 



B 

mA 



-- 

— 

EH 


( V CB = 60 V, Ie - 0) 

2N375, 2N618 


-- 

-- 



(V C b = 80 V, Ie = 0) 



-- 

-- 

Eafl 


(V CB = 75 V, I E = 0) 

2N1362, 2N1363 


-- 

-- 

3.0 


(VcB = 100 V, IE = 0) 



-- 

-- 

20.0 


(V C B = WO V, I E = 0) 

2N1364, 2N1365 


-- 

-- 

3.0 


(V CB = 120 V, I E = 0) 



-- 

— 

20.0 


Collector -Base Cutoff Current 
at Tc = +90 °C 

V CB = 1//2 bv CES rating 


J CBO 

■ 

■ 

20 

mA 

Emitter -Base Cutoff Current 
(V EB = 12 V, Ic = 0) 


X EBO 

■ 

■ 

0.5 

mA 

(V EB = 25 V, I C = 0) 

2N1359, 2N1360 



flfl 

20 


(V EB = 50 V, I C = 0) 

2N1362, 2N1363 




20 


(V E B = 60 V, I c = 0) 

2N1364, 2N1365 



HI 

20 


Collector -Emitter Breakdown 
Voltage 

I c = 500 mA, V EB = 0) 

2N1359, 2N1360 

bv ces 

40 

■ 

■ 

Vdc 


2N375, 2N618 

60 


H 



2N1362, 2N1363 


75 

■ 

■ ■ 



2N1364, 2N1365 


100 

i 

HB 


DC Current Transfer Ratio 


h FE 


Hi 


_ _ 

(Vce = 4 V, l n - 1.0A) 

2N1359, 375, 1362, 64 

35 


90 



2N1360, 618, 1363, 65 


60 

H 

140 


(V C E = 4 V, I- = 1.0A) 

2N1359, 375, 1362, 64 


15 

22 

-- 


^ L. 

2N1360, 618, 1363, 65 


20 

35 

— 


Transconductance 




M 


mhos 

(Vce = 4 V, Ic = 1.0A) 

2N375 

SFE 

0.8 

B9 

2. 2 



2N618 

1.0 

Rffi 1 

2. 5 



2N1359, 2N1362, 2N1364 


0.8 

1.25 

-- 



2N1360, 2N1363, 2N1365 


1.0 

1.6 

-- 


Frequency Cutoff 

(Vce = 4 v, ic = l a) 

| 2N375 

f 

ae 

5.0 

8.5 

B 

kHz 

(Vce = 4 v, i c = l A) 

2N618 


5.0 

8.5 



(V CE = 4 V, I C = 3 A) 

! 2N1359, 2N1362, 2N1364 


7.0 

10 



(Vce = 4 V, Ic = 3 A) 

2N1360, 2N1363, 2N1365 


5.0 

8.5 

B 


Collector Saturation Voltage 
(\ n = 2.0 A, I B = 200mA) 

2N1359, 375, 1362, 64 


B 

■ 

b 

Vdc 


2N1360, 618, 1363, 65 


H 

KB 

B 


Base -Emitter Drive Voltage 
(1^ = 2.0A, Ig = 200 mA) 

2N1359, 375, 1362, 64 


B 

0. 7 


Vdc 


2N1360, 618, 1363, 65 


■ 

0.6 

-- 


Collector-Emitter Punch- 







Through Voltage 
(V CB = 50 V, I c = 0) 

2N1359, 2N1360 

V 

v EBF 

.. 

.. 

1. 25 

Vdc 

(V CB = 100 V, I e = 0) 

2N1362, 2N1363 


-- 

-- 

1. 25 


(V CB = 120 V, I c = 0) 

2N1364, 2N1365 


-- 

— 

1. 25 
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2N375 (continued) 


POWER-TEMPERATURE DERATING CURVE 



0 20 40 60 80 100 110 

T c> Case Temperature (°C) 


The maximum continuous power is 
related to maximum junction tempera- 
ture, by the thermal resistance fac- 
tor. For d. c. or frequencies below 
25 cps the transistor must be operated 
within the constant Pq = Vc x Ic 
hyperbolic curve. This curve has a 
value of 106 Watts at case tempera- 
tures of 25°C and is 0 Watts at 110°C 
with a linear relation between the two 
temperatures such that 

P n allowable = 110° - Tc 
OJB 



0 0.5 1 1.5 2 2.5 3 3.5 

l Cf COLLECTOR CURRENT (AMP) 



0 0.5 1 1.5 2 2.5 3 3.5 

l c , COLLECTOR CURRENT (AMP) 



COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 


COLLECTOR-EMITTER VOLTAGE (VOLTS) 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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2N376A (GERMANIUM) 

For Specifications, See 2N350A Data. 


2n 378 thru 2N380 (GERMANIUM) 

2N459, A 

CASE 1 1 PNP germanium power transistors for general pur- 

(TO-3) jjT pose power amplifier and switching applications. 


MAXIMUM RATINGS 


Rating 

Symbol 



2N380 

2N459 

2N459A 

Unit 

Collector-Emitter Voltage 

V CEO 

20 

40 

30 

60 

60 

Vdc 

Collector -Emitter Voltage 
(V be = 1.5V) 

(Vbe = 1 -°v) 

V 

CEX 

40 

80 

60 

105 

105 

Vdc 

Collector-Emitter Voltage 

V CES 


- 

- 

70 

70 

Vdc 

Collector-Base Voltage 

V CB 

- 

- 

- 

- 

105 

Vdc 

Emitter-Base Voltage 

V EB 

- 

- 

- 

10 

25 

Vdc 

Collector Current 

l C 

5.0 

Adc 

Operating Junction 

Temperature Range 

B 

-65 to +110 


Total Device Dissipation @ T c = 25° C 

P D 

106 

Watts 


ELECTRICAL CHARACTERISTICS (Ta - 25°C unless otherwise noted) 


Characteristic 

Symbol 




OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


bv ceo 


■ 


(I = 100 mAdc) 

2N378 

20 

■ 



2N379 


40 

■ 



2N380 


30 

iQB 



2N459, 2N459A 


60 

H 


Collector Cutoff Current 


X CEX 



mAdc 

(V CE =40 Vdc, V BE(off) = 1.5Vdc) 

2N378 

- 

10 


(V CE =60 Vdc, V BE(off) = 1.5Vdc) 

2N380 


- 

10 


(V CE = 80 Vdc, V BE( o ft ) = 1.'5 Vdc) 

2N379 


- 

10 


(V ce =1°5 Vdc, v BE(of{) =l- 5vdc > 

2N459 


- 

10 


< V CE = 105Vdc - V BE(of£) = 1 ' 0Vdc) 

2N459A 


- 

10 


Collector Cutoff Current 



■ 



(V CB = 25 Vdc) 

'1 




<V CR 25 Vdc, T c = 85°C) 



H 



Emitter Cutoff Current 


^BO 



mAdc 

(V BE = 10 Vdc) 

2N380 

- 

1.5 


2N459 I 


- 

2.0 


(V BE = 25 Vdc) 

2N459A 



2.0 
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2N378, thru 2N380 2N459. 2N459 A (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 


Symbol Min Max Unit 






2n 381 thru 2 n383 (GERMANIUM) 

2N2171 

PNP germanium transistors for small -signal audio 
amplifiers, Class B push-pull output stages and medium - 
speed switching circuits. 



MAXIMUM RATINGS 


Rating 

Symbol 

— 

Value 

Unit 

Collector-Base Voltage 

V CB 

50 

Volts 

Collector-Emitter Voltage (R BE = 10K) 

V CER 

25 

Volts 

Emitter-Base Voltage 

V EB 

20 


Collector Current 


400 

raA 

Junction Temperature 

T J 

-65 to +100 

°C 

Collector Dissipation 

T a = 25°C 

P D 

225 

mW 

derate 


3.0 

mW/°C 

T c = 25°C 


500 

mW 

derate 


6.7 

mW/°C 


ELECTRICAL CHARACTERISTICS (Tc = 25°c unless otherwise noted) 


Characteristics 


CoUector-Base Cutoff Current 
(V CB = -25 Vdc) 

Emitter-Base cutoff Current 
(V EB = -20 Vdc) 

Collector-Emitter Voltage 
(I c = 500 4 Adc, R be = 10K) 

Collector-Emitter Voltage 

(I c = 50 MAdc, V BE = 1.0 Vdc) 

2N382, 

2N381 

2N383, 2N2171 

DC Current Gain 

(I c = 20 mAdc, V CE = -1. 0 Vdc) 

2N381 

2N382 

2N383 

2N2171 

(I c = 100 mAdc, V CE = -1. 0 Vdc) 

2N381 

2N382 

2N383 

2N2171 




h FE 

35 


60 


75 


110 


30 


50 


65 


90 


Typical 

Max 

Unit 

6.0 

10 

i/i Adc 



/iAdc 
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2N381 thru 2N383 > 2N2171 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristics 

Symbol 

Min 

Typical 

Max 

Unit 

Small Signal Current Gain 





■ 

■ 

(I c = 10 mA, V CE = -5. 0 V, £ = 1 kHz) 






2N381 


35 

60 




2N382 


70 

90 




2N383 


90 

115 

155 

■ 


2N2171 


120 

210 

310 

■ 

Voltage Feedback Ratio 


h 




X10' 3 

(I c = 10 mA, V CE = -5 V, f = 1 kHz) 


re 





2N381 


— 

0. 66 

— 



2N382 


— 

0.69 





2N383 


— 

0. 72 

— 



2N2171 


— 

0.75 

— 


Input Impedance 


h iP 




ohms 

(I c = 10 mA, V CE = -5. 0 V, f = 1 kHz) 


le 





2N381 


— 

300 

— 



2N382 


— 

450 

— 



2N382 


— 

550 

— 



2N2171 


— 

850 

— 


Output Admittance 


h 




Mmhos 

(I c = 10 mA, V C£ = -5. 0 V, f = 1 kHz) 


oe 





2N381 


— 

420 

— 



2N382 


— 


— 



2N383 


— 

380 

- — 



2N2171 


— 


— 


Transducer Gain 


Grp 




dB 

(R g = 300 ft , r l = 500 n ) 

2N381 


— 

36 

— 


(Rg = 450 ft , R L = 500 ft ) 

2N382 


— 

38 

— 


(Rg = 550 a , r l = 500 « ) 

2N383 


— 

39.5 

— 


(R g = 785 0 , R l = 5000 ) 

2N2171 


- - _ 

42.5 

— " 


Output Capacitance 


C ob 

m 

20 

m 

pF 

(I c - 1 mA, V CB = -6V) 






Noise Figure 

(I c = 1 mA, V CE = -6V, R g = 1 kc, f = 1 kHz) 


NF 




dB 

2N381 


— 

6.0 

— 



2N382 


— . 

5.5 

— 



2N383 


— 

5.0 

— 



2N2171 


— 

3.5 

— 


Cutoff Frequency 

d c = 1 mA, V CB = -6V) 

2N381 

f <*b 


3.0 


MHz 


2N382 


— 

4.0 

— 



2N383 


— 

5.0 

— 



2N2171 


— 

7.5 

— 



































2N398 , 2N398 A (GERMANIUM) 


CASE 31(1) 

(TO-5) 

All leads isolated 



PNP germanium transistor for high-voltage, audio- 
frequency applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N398A 

2N398 

Unit 

Collector -Base Voltage 

V 

V CB 

105 

105 

Vdc 

Collector -Emitter Voltage 

V CEO 

105 

105 

Vdc 

Emitter -Base Voltage 

V EB 

50 

50 

Vdc 

DC Collector Current 


200 

100 

mA 

Emitter Current 

*E 

200 

100 

mA 

Junction Temperature 

t j 


-65 to +85 

o 

O 

Storage Temperature 

T stg 


-65 to +85 

°c 

Collector Dissipation @ 25°C 

P D 


50 

mW 

Thermal Resistance, Junction to Ambient 

^JA max 

0. 5 

1.2 

°C/mW 


ELECTRICAL CHARACTERISTICS (T c = 25 °C unless otherwise noted) 


Characteristics 

Symbol 

Min 

Typical 



Collector -Base Cutoff Current 
^CB' 105 ^ I B = 0) 

X CBO 

- 

12.0 



Collector -Base Cutoff Current 
(^CB- 2 - 5 ^ I B = °) 

*CBO 

- 

5.0 

14 

tiA 

Emitter -Base Cutoff Current 
( V EB = 50V > i c = 0) 

^BO 

- 

3.0 

50 


Collector-Emitter Saturation Voltage 
(I^ = 5 mAdc; = 0. 25 mAdc) 

V CE (SAT) 

- 




Base -Emitter Saturation Voltage 
(1^, = 5 mAdc; Ig = 0. 25 mAdc) 

V BE (SAT) 

- 




DC Current Transfor Ratio 

Of. = 5 mAdc; V CJ , = 0. 35 Vdc) 




- 

- 

DC Collector -Emitter Punch -Through Voltage 
(Vcb necessary to obtain V £B of -1 V max, 

using instrument with Z^ >11 megohm to 
measure V fiE ) 

V p T 

105 

160 


Vdc 

Small -Signal Short-Circuit, Forward Current 
Transfer Ratio Cutoff Frequency 
(V CB s6Vdc; I £ = 1 mAdc) 

ab 


1.0 


MHz 
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2n404 (GERMANIUM) 

2n404A 


PNP GERMANIUM SWITCHING TRANSISTORS 


. . . designed for medium-speed saturated switching applications. 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = O- 2 Vdc (Max) @ lc = 24 mAdc 

• High Emitter-Base Breakdown Voltage - 

BVebO = 12 Vdc (Min) @ l£ = 20piAdc - 2N404 
= 25 Vdc (Min) @ l£ = 20/uAdc - 2N404A 


"MAXIMUM RATINGS 





Rating 

Symbol 

2N404 

2N404A 

Unit 

Collector-Emitter Voltage 

V CES 

24 

35 

Vdc 

Collector-Base Voltage 

V CB 

25 

40 

Vdc 

Emitter-Base Voltage 

VEB 

12 

25 

Vdc 

Collector Current — Continuous 

•c 

150 

mAdc 

Emitter Current 

lE 

100 

mAdc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

p D 

150 

2.0 

mW 

mW/°C 

Total Device Dissipation @ Tq * 25°C 
Derate above 25°C 

p D 

300 

4.0 

mW 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +100 

°C 

‘Indicates JE DEC Registered Data. 






PNP GERMANIUM 
SWITCHING 
TRANSISTORS 




CASE 31 (1) 

TO-5 

Collector Connected to Case 
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2N404, 2N404A (continued) 

ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 

1 Characteristic | Symbol j Min [ Typ [ Max 1 Unit 1 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 


BVcbO 




Vdc 

(l C = 20MAdc, l E = 0) 

2N404 


- 

~ 



2N404A 



- 

- 


Emitter-Base Breakdown Voltage 


bv ebo 

ui 



Vdc 

(lE = 20/xAdc, lc = 0) 

2N404 



_ 

_ 



2N404A 



- 

- 


Punch-Through Voltage! D 


V pt 





< v EBfl “10 Vdc) 

2N404 


_ 

_ 

■ 


2N404A 



- 

- 


Emitter-Base Floating Potential 


v EBfl 




■ 

(V C b - 35 Vdc, l E = 0) 

2N404A 

- 

- 

1.0 

mm 

Collector Cutoff Current 






pAdc 

<V C B= 12Vdc,l E = 0) 



- 

0.8 

5.0 


(V C B = 12 Vdc. I E = O. T a = 80°C) 



- 

20 

90 


Emitter Cutoff Current 



_ 

■a 

■i 


(V EB = 2.5 Vdc, l C = 0) 



mm 

mam 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 12 mAdc, Vce = 0.15 Vdc) 

(lC = 24 mAdc, Vqe = 0.20 Vdc) 



H 

- 

m 

Collector-Emitter Saturation Voltage 





Vdc 

(lC = 12 mAdc, Ib = 0.4 mAdc) 


- 

0.09 

0.15 


dc = 24 mAdc, Ib = 1.0 mAdc) 


- 

0.09 

0.20 


Base-Emitter Voltage 




msM 


(lC ~ 12 mAdc, >b = 0.4 mAdc) 


- 




(lC = 24 mAdc, Ib = 1.0 mAdc) 


- 


u 



SMALL-SIGNAL CHARACTERISTICS 


Alpha Cutoff Frequency 
(l E = 1 .0 mAdc, V C b = 6.0 Vdc) 

f hfb 

4.0 

25 


MHz 

Output Capacitance 

(Vcb = 6.0 Vdc, l E = 0, f = 1.0 MHz) 2N404 

(Vcb = 6.0 Vdc, l E = 1 .0 mAdc, f = 2.0 MHz) 2N404A 

Cob 

- 

8.0 

8.0 

20 

20 


Input Impedance 

(lC = 1 .0 mAdc, V C E = 6.0 Vdc, f = 1 .0 kHz) 

hie 

- 

3.6 

- 

k ohms 

Voltage Feedback Ratio 
(lC = 1.0 mAdc, Vce = 6.0 Vdc, f = 1 .0 kHz) 

h re 

- 

8.0 

- 


Small-Signal Current Gain 
(lC = 1 0 mAdc, V C E = 6.0 Vdc, f = 1 .0 kHz) 

hfe 

- 

135 


- 

Output Admittance 

(lC = 10 mAdc, Vce = 6.0 Vdc, f = 1 .0 kHz) 

hoe 

- 

50 

- 

jumhos 


SWITCHING CHARACTERISTICS 


Delay Time (Figure 1) 

td 

_ 

0.07 

_ 

MS 

Rise Time (Figure 1) 

<r 

- 

0.12 

_ 

MS 

Storage Time (Figure 1) 

ts 

_ 

0.20 

_ 

MS 

Fall Time (Figure 1) 

tf 

- 

0.10 

- 

MS 

Stored Base Charge (Figure 2) 

Qsb 

- 

300 

1400 

EC 


"Indicates JEDEC Registered Data. 

(1)Vpt is determined by measuring the emitter-base floating potential V E gf|, using a voltmeter with 11 megohms minimum input 
impedance. The collector-base voltage, Vcb< is increased until V^Bfl = "TO Vdc; this value of Vcb = ( V pt + 1 ). 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT FIGURE 2 - STORED BASE CHARGE TEST CIRCUIT 



-LTL 


output waveform is decreased to 0.2 ms. 
Q s b is then calculated by Q s b = Cl Vj n 


NOTES: 1. Input pulse supplied by generator with following 
characteristics: 

a. Output impedance: 50 Ohms 

b. Repetition rate: 1.0 kHz 


c. Rise and fall time: 20 ns Max 
2. Waveforms monitored on scope with following 
characteristics: 

a. Input resistance - 10 Megohms Min 


b. Input capacitance - 15 pF Max 

c. Rise time- 15 ns Max 

3. All resistors ± 1 .0% tolerance. 


2-32 












2N441 (GERMANIUM) 

2N442 

2N443 


CASE 5 

(TO-36) 



PNP germanium power transistors for power switch- 
ing and amplifier applications. Power and temperature 
ratings exceed EIA registration. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N441 

2N442 

2N443 

Unit 

Collector-Emitter Voltage 

v 

CES 

40 

45 

50 

Vdc 

Collector -Base Voltage 

msi 

40 

50 

60 

Vdc 

Emitter- Base Voltage 

■ ■ 

20 

30 

40 

Vdc 

Base Current — Continuous 

V 

4.0 

Adc 

Emitter Current — Continuous 

n 

15 

Adc 

Total Device Dissipation @ = 25°C 

E9 

150 

Watts 

Operating Junction Temperature Range 
(EIA Registered) 

EM 

-65 to +95 

H 

Operating Junction Temperature Range 

MM 

-65 to +100 

■3 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 
(EIA Registered) 


1.0 

°c/w 

Thermal Resistance, Junction to Case 


0.5 

°c/w 



The maximum continuous power is related to maximum junction temper- 
ature, by the thermal resistance factor. 

This curve has a value of 150 Watts at case temperatures of 25°C and is 
0 Watts at 100°C with a linear relation between the two temperatures such that 
100° ^T c 

Pq allowable — . 
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2N441 thru 2N443 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector- Emitter Breakdown Voltage* 


BV * 

CEO 




Vdc 

(I c = 1.0 Adc, I B = 0) 

2N441 

25 

- 

- 


2N442 


30 

- 

- 



2N443 


45 

- 

- 


Collector- Emitter Breakdown Voltage* 


BV * 

CES 




Vdc 

(I c = 300 mAdc, V 0E = 0) 

2N441 

2N442 

40 

45 


- 



2N443 


50 

- 

- 


Floating Potential 


V 

EBF 




Vdc 

(V CB = 40 Vdc, I E = 0) 

2N441 

- 

- 

1.0 


(V CB = 50Vdc - r E = °) 

2N442 


- 

- 

1.0 


(V CB = 60 Vdc ’ l E = 0) 

2N443 


- 

- 

1.0 


Collector Cutoff Current 


! C BO 




mAdc 

< v CB = 2 - ovdc ' Je' 0 * 



0.1 

- 


( V CB = 40 Vdc » l E = 0) 

2N441 


- 

2.0 

8.0 


(V CB = 50 Vdc, I E = 0) 

2N442 


- 

2.0 

8.0 


(V CB = 60 Vdc, I E = 0) 

2N443 


- 

2.0 

8.0 


(V CB = 40 Vdc > h = °» t b = 71 ° C) 

2N441 


- 

- 

15 


(V CB = 50 Vdc, I E = 0, T B = 71°C) 

2N442 


- 

- 

15 


(V C B = 5 ovdc , I E= 0, Tg = 71°C) 

2N443 


- 

- 

15 


Emitter Cutoff Current 


! ebo 




mAdc 

(V BE =2° vd c, I c = 0) 

2N441 

- 

1.0 

8.0 


(V BE = 30 Vdc > ! C * 0) 

2N442 


- 

1.0 

8.0 


(V BE = 40 Vdc, I c = 0) 

2N443 


- 

1.0 

8.0 



ON CHARACTERISTICS 


DC Current Gain 






_ 

(I c = 5.0 Adc, V CE =2.0 Vdc) 


FE 

20 

- 

40 


d c = 12 Adc, V CE =2.0 Vdc) 



- 

20 

- 


Collector-Emitter Saturation Voltage 






Vdc 

d c = 12 Adc, I B = 2. 0 Adc) 

2N441 

- 


- 


2N442 


- 


- 



2N443 


- 


1.0 


Base- Emitter Voltage 






Vdc 

d c = 5.0 Adc, V CE =2.0 Vdc) 

2N441 

- 

0.65 

- 


2N442 


- 

0. 65 

- 



2N443 


- 

0.65 

0. 9 



DYNAMIC CHARACTERISTICS 


Common-Emitter Cutoff Frequency 

f 




kHz 

d c = 5.0 Adc, V CE = 6.0 Vdc) 

ere 

- 

10 

- 



SWITCHING CHARACTERISTICS 


Rise Time 

t 




MS 

(V CE = 12 Vdc, I c = 12 Adc, I 0 = 2. 0 Adc) 


- 

15 

- 

Fall Time 

h 




MS 

d c = 0, V BE = 6. 0 Vdc, R be = 10 ohms) 

- 

15 

- 



* Pulse Test: Pulse Width ^ 300 /is, Duty Cycle ^ 2. 0%. 
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2N441 thru 2N443 (continued) 


TYPICAL COMMON-EMITTER CHARACTERISTICS 


FIGURE 2 - OUTPUT CHARACTERISTICS 



FIGURE 4 - OUTPUT CHARACTERISTICS 



FIGURE 6 — DC CURRENT GAIN 
TRANSFER CHARACTERISTICS 
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FIGURE 3 - OUTPUT CHARACTERISTICS 



FIGURE 5 - INPUT CHARACTERISTICS 



FIGURE 7 - TRANSCONDUCTANCE 
CHARACTERISTICS 
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2n456A (GERMANIUM) 

2n457A 

2n458A 


PNP GERMANIUM POWER TRANSISTORS 


. . . designed for general-purpose power amplifier and switching 
applications. 

• High DC Current Gain - 

h|=|E = 30-90 @ |q = 5.0 Adc 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 0.5 Vdc (Max) @ lc = 5.0 Adc 


7 AMPERE 

POWER TRANSISTORS 
PNP GERMANIUM 

40-60-80 VOLTS 
85 WATTS 


"MAXIMUM RATINGS 


Rating 

Symbol 

2N456A 

2N457A 

2N458A 

Unit 

Collector-Emitter Voltage 

v CEO 

20 

30 

40 

Volts 

Collector-Base Voltage 

VCB 

40 

60 

80 

Volts 

Emitter-Base Voltage 

VEB 

20 ► 

Volts 

Collector Current 

•c 

7.0 ► 

Adc 

Base Current 

>B 

r 3.0 

Adc 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Pd 

85 

1.0 

Watts 

w/°c 

Operating and Storage Junction 
Temperature Range 

Tj,T stg 

65 to + 110 ► 

°c 


Indicates JEDEC Registered Data. 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 





CASE 11 
TO -3 


COLLECTOR CONNECTED TO CASE 
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2N456A, 2N457A, 2N458A (continued) 


^ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(1C = 200 mAdc, 1 B = 0) 

2N456A 

2N457A 

2N458A 

bv C eo 

20 

30 

40 

- 

Vdc 

Collector-Base Cutoff Current 
(V C b = 20 Vdc, l E = 0) 

2N456A 

'CBO 


0.5 

mAdc 

(V C b = 30 Vdc, l E = 0) 

2N457A 


- 

0.5 


(V C b = 40 Vdc, l E = 0) 

2N458A 


- 

0.5 


(V CB = 40 Vdc, l E = 0) 

2N456A 


- 

2.0 


(V C b = 60 Vdc, l E = 0) 

2N457A 


- 

2.0 


(Vqb = 80 Vdc, l E = 0) 

2N458A 


- 

2.0 


(V C b = 40 Vdc, l E = 0, T C = +71°C) 

2N456A 


- 

10 


(V C b = 60 Vdc, l E = 0, T C = +71°C) 

2N457A 


- 

10 


(V C b = 80 Vdc, l E = 0, T C = +71°C) 

2N458A 


- 

10 


Emitter-Base Cutoff Current 
(V EB = 20 Vdc, 1 C = 0) 

'EBO 

~ 

2.0 

mAdc 


ON CHARACTERISTICS 


DC Current Gain 
(l C = 10 Adc, V C E = 1.5 Vdc) 

(l C = 3.0 Adc, V CE = 1.5 Vdc) 

(l C = 5.0 Adc, V CE = 1.5 Vdc) 

(l C = 7.0 Adc, V C E = 1.5 Vdc) 

h FE 

40 

35 

30 

22 

90 


Collector-Emitter Saturation Voltage 
(lC = 5.0 Adc, l B = 500 mAdc) 

v CE(sat) 

— 

0.5 

Vdc 

Base-Emitter Voltage 
(lC = 5.0 Adc, V CE = 1.5 Vdc) 

V BE 

— 

i.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l C = 1.0 Adc, V C e = 2.0 Vdc) 

*T 

200 

— 

kHz 

Input Impedance 
(l C = 5.0 Adc, V CE = 1 .5 Vdc) 

h ie 

— 

28 

Ohms 


I ndicates JE DEC Registered Data. 


2N459, A (GERMANIUM) 

For Specifications, See 2N378 Data. 
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2N460, 2N461 (GERMANIUM) 


CASE 31(1) 

(TO -5) 

Base connected to case 



PNP germanium transistor for general purpose 
industrial applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector -Base Voltage 

v 

V CB 

45 

Volts 

Collector -Emitter Voltage (R fiE = 1 K) 

V 

CER 

35 

Volts 

Emitter -Base Voltage 

V EB 

10 

Volts 

Collector Current 

*c 

400 

mA 

Collector Dissipation 

P D 



at 25° C Case Temperature 


500 

mW 

Derate above 25° C 


6.7 

mW/° C 

at 25° C Ambient Temperature 


225 

mW 

Derate above 25° C 


3.0 

mW/° C 

Junction Temperature Range 

T J 

-65 to +100 

°C 


ELECTRICAL CHARACTERISTICS (T C = 25°c unless otherwise noted) 
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2N464 thru 2N467 (GERMANIUM) 


CASE 31(1) 

(TO-5) 

All leads isolated 



PNP germanium transistor for general purpose appli- 
cations in the audio -frequency range. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N464 

2N465 

2N466 

2N467 

Unit 

Collector -Base Voltage 

V CB 

45 

45 

35 

35 

Volts 

Collector -Emitter Voltage 

mm 

40 

30 

20 



Emitter -Base Voltage 


12 


DC Collector Current 

J c 

500 


Max. Junction & Storage Temperature 






mm 




100 


U 

Collector Dissipation, Ambient 

P D 





mW 




200 



Derate above 25 °C 



2. 67 


mW/°C 

Thermal Resistance, Junction to Ambient 


0. 375 

°C/mW 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 




Unit 

Collector- Emitter Breakdown Voltage 


bv cer 




Vdc 

(1^, = 0. 6 mAdc, Rgg= 10 K ohms) 

2N464 

40 

- 

- 


2N465 


30 

- 

_ 



2N466 


20 

- 

- 



2N467 


15 

- 

- 


Collector- Base Cutoff Current 


*CBO 

■ 



/iAdc 

(V CB = 20 Vdc) 


■ 

6. 0 

15 

Small Signal Current Gain Cutoff Frequency 
( V CB = 6 vdc > X E = 1 mAdc) 

2N464 

f ub 

■ 

0.7 


MHz 

2N465 


- 


- 



2N466 


- 


- 



2N467 


- 

1.2 

- 


Small Signal Current Gain 


h £e 




_ 

(V CE = 6 Vdc, I E = 1. 0 mAdc, f = 1 kHz) 

2N464 


26 

- 


2N465 



45 

— 



2N466 



90 

- 



2N467 



180 

- 
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TOTAL DISSIPATION — MILLIWATTS 


2N464 thru 2N467 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 


Typ 


Unit 

Small Signal Input Impedance 


■ 


■ 

Ohms 

(V™ = 6 Vdc, I„ = 1.0 mAdc, £ = 1 kHz) 2N464 

tE E 2N465 


900 





1400 



2N466 



3000 



2N467 


ES 

5500 

K 


Small Signal Power Gain 

G 

■ 


■ 

dB 

(V nx . = 6 Vdc, I„ = 1.0 mAdc, f = 1 kHz, matched) 2N464 

E 2N465 

e 


40 




, 9 

42 



2N466 



44 



2N467 


Hi 

45 

E 


Noise Figure 

NF 

■ 

Effl 


dB 

(V CE =2.5 Vdc, I E = 0. 5 mAdc, f = 1 kHz , R g = 10 Kohms, 



1 

22 


Ai = 1 Hz 


■ 






0 10 20 30 40 50 60 70 80 90 100 

AMBIENT TEMPERATURE °C 


SMALL SIGNAL CURRENT GAIN versus TEMPERATURE 



_60 -40 -20 0 20 40 60 80 

JUNCTION TEMPERATURE °C 



0 .05 .10 .15 .20 .25 .30 .35 .40 .45 

BASE TO EMITTER VOLTAGE (V H ) VOLTS 


Small Signal Current Gain versus Collector Current 


(common emitter 1 *hz) 
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COLLECTOR CURRENT (l c ) MILLIAMPERES 


















2n499 

(2N499 JAN AVAILABLE) 


Germanium PNP high frequency transistors designed 
for driver applications, small-signal amplification, wide 
band video amplifiers, and VHF/UHF oscillators. 


2n499A 

(2N499A JAN AVAILABLE) 

2n502 

2n502A 

(2N502A JAN AVAILABLE) 

2n502B 

(2N502BJAN AVAILABLE) 

2n1742 




MAXIMUM RATINGS 


Rating 


2N499 
2N499JAN 
2N499A 
2N499A JAN 


2N502A, B 
2N502A JAN 
2N502B JAN 

2N1742 

Unit 

Collector-Base Voltage 


30 

1 

30 

20 

Vdc 

Emitter-Base Voltage 

V EB 

0.5 

0.5 

0.5 

0.5 

Vdc 

Collector Current 

*c 

50 

50 

50 

50 

mAdc 

Total Device Dissipation 

P D 

60 

60 

75 

60 

mW 

Operating Junction 
Temperature Range 

H 

100 

100 

100 

125 

°c 
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2N499, A/2N499JAN, A/2N502, A, B/2N502 JAN, A, B/2N1742 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector Cutoff Current 





nAdc 

(V rn = 10 Vdc, 

L. = 0) 

2N502, A, B 


- 

5.0 


CB 


2N502A, B JAN 


_ 

4.0 




2N1742 


- 

10 


(V CB = 15 Vdc, 

i E = °) 

2N499, A, 2N499, A JAN 


- 

10 



DYNAMIC CHARACTERISTICS 


f Current-Gain-Bandwidth Product 


f T 



MHz 

(I c = 2. 0 mAdc, V CE = 10 Vdc, f = 20 MHz) 2N499, A, 2N499, A JAN j 


120 

- 


(I c =2.0 mAdc, V CE = 10 Vdc, f = 100 MHz) 

JAN2N502A, B 


150 

600 


Output Capacitance 

2N499, A, 2N499, A JAN 

C ob 



pF 

( V CB = !0 Vdc, I E = 0, f = 4. 0 MHz) 

- 

2.5 


2N502 


- 

2.0 



2N502A, B 


- 

1.6 



2N502A, B JAN 


- 

1.6 


Small-Signal Current Gain 


K 

fe 



- 

(I = 1.0 mAdc, V CE =9.0 Vdc, f = 1.0 kHz) 2N499, A, 2N499, A JAN | 

20 

80 


OL = 2.0 mAdc, V OT7 = 10 Vdc, f = 1.0 kHz) 

2N502 


9.0 

_ 


2N502A 


15 

- 



2N502B 


20 

80 



2N502A JAN 


15 

200 



2N502B JAN 


25 

80 


Collector- Base Time Constant 


r’C 



ps 

(Ig =2.0 mAdc, V CB = 10 Vdc, f = 46 MHz) 

2N499, A JAN 

b c 

5.0 

50 


2N499 


- 

250 



2N499A 


5.0 

250 



2N502 


- 

120 



2N502A, B 


5.0 

50 



2N502A, B JAN 


5.0 

25 


Noise Figure 


NF 



dB 

( V CB = 10 vdc > 1 k =2 '° mAdc > f = 200 MHz) 

2N502A, 2N502A JAN 


- 

7.0 



2N502B, 2N502B JAN 


_ 

7.0 


( v cc = 12 Vdc, I F = 2. 5 mAdc, f = 200 MHz) 

2N1742 


- 

5.5 



FUNCTIONAL TESTS 


Power Gain 



P r 



dB 

(V^ = 10 Vdc, 

I E = 2. 0 mAdc, f = 100 MHz) 

2N499, A, 2N499, A JAN 


7.5 

- 


(V CB = 10 Vdc, 

I„ = 2. 0 mAdc, f = 200 MHz) 

2N502 


8.0 

- 



2N502A 


10 

- 




2N502B 


10 

- 




2N502A, B JAN 


10 

20 


< V cb = 12 Vdc ' 

I E = 2. 5 mAdc, f = 200 MHz) 

2N1742 


14 

19 



2n508 (GERMANIUM) 

FOR SPECIFICATIONS, SEE 2N322 DATA. 
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2n508A (GERMANIUM) 



CASE 31 (1) 

(TO-5) 

Base connected to case 


PNP Germanium Milliwatt transistor designed for low 
noise audio and switching applications. 

• Small-Signal Current Gain — 

hfe = 180 (Max) @ I E = 1.0 mAdc 

• Low Noise Figure Applications — 

NF = 5.0 dB (Max) @ Ic = 1 .0 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

♦Collector-Emitter Voltage 
(RBE = 1° kohms) 

v 

v CER 

25 

Vdc 

♦Collector-Emitter Voltage 

V CES 

30 

Vdc 

♦Collector-Base Voltage 

V CB 

30 

Vdc 

♦Emitter-Base Voltage 

V EB 

10 

Vdc 

♦Collector Current 

: c 

200 

mAdc 

♦Total Device Dissipation @T. = 25° C 

Derate above 25° C 

P D 

200 

2.67 

mW 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J’ ^stg 

-65 to +100 

°C 


♦Indicates JEDEC Registered Data 
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2N508A (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

♦Collector-Emitter Breakdown Voltage 




Vdc 

(I c = 600 juAdc, Rg E = 10 k ohms) 


- 


♦Collector Cutoff Current 

I 



l± Adc 

(V CB = 25 Vdc, I E = 0) 

- 

7.0 

♦Emitter Cutoff Current 

1 




(V BE = 10 Vdc, I c = 0) 

- 



ON CHARACTERISTICS 


♦DC Current Gain 

(I c = 20 mAdc, V CE = 1.0 Vdc) 

h FE 


200 

- 

♦Base -Emitter Voltage 

(I c = 20 mAdc, V CE = 1.0 Vdc) 






SMALL-SIGNAL CHARACTERISTICS 


♦Cutoff Frequency 

(I„ = 1. 0 mAdc, V 00 = 5. 0 Vdc, f = 1. 0 kHz) 

Cj Ld 



- 

MHz 

♦Output Capacitance 

( V CB = 5. 0 Vdc, I E = 1. 0 mAdc, f = 1. 0 MHz) 

C ob 

- 

35 

pF 

♦Input Impedance 

(I E = 1. 0 mAdc, V CB = 5. 0 Vdc, f = 1. 0 kHz) 



31 


♦Voltage Feedback Ratio 

(I E = 1. 0 mAdc, V CB = 5. 0 Vdc, f = 1. 0 kHz) 

h rb 

1.0 

17 

x 10" 4 

♦Small-Signal Current Gain 

(I E = 1. 0 mAdc, V CB = 5.0 Vdc, f = 1. 0 kHz) 



180 

- 

♦Output Admittance 

(I E = 1.0 mAdc, V CB = 5. 0 Vdc, f = 1. 0 kHz) 

h . 
ob 

0.1 

0.9 

jumhos 

Noise Figure 

(I c = 1. 0 mAdc, V CB = 5.0 Vdc, R g = 500 ohms, 
f = 1.0 kHz, M = 1.0 Hz) 

NF 

- 




♦Indicates JEDEC Registered Data. 
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2n 524 thru 2N527(GERMANIUM) 



PNP germanium transistor for switching and ampli- 
fier applications in the audio -frequency range. Avail- 
able for military and high-reliability industrial purposes. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector -Base Voltage 

V CB 

45 

Vdc 

Collector -Emitter Voltage 

v 

CEO 

30 

Vdc 

Emitter -Base Voltage 

V EB 

15 

Vdc 

Collector Current 

l c 

500 

mAdc 

Storage and Operating Temperature 

T stg’ T J 

-65 to +100 

°C 

Collector Dissipation 

(a) 25 °C Ambient 

P D 

225 

mW 

Thermal Resistance 

Junction to Ambient 

*JA 

0. 333 

°C/mW 

Thermal Resistance 

(infinite heat sink) 

^JC 

0. 15 

°C/mW 
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2N524 THRU 2N527 (continued) 


ELECTRICAL CHARACTERISTICS < t a = 25°C unless otherwise specified) 


Characteristics 

Symbol 

Min 

Max 

Unit 

Collector Cutoff Current 


^BO 

_ 

10 

^Adc 

(V CB = 30Vdc, I £ = 0) 





Emitter Cutoff Current 


^BO 

_ 

10 

|/Adc 

(V EB = 15 Vdc, I c = 0) 





Collector-Emitter Breakdown Voltage 


bv cer 

30 

- 

Vdc 

ff c = 0. 6 mAdc, R be = 10K) 





Collector-Emitter Reach Through 


V RT 

30 

_ 

Vdc 

(Punch-Thru) Voltage 

(V eb = 1 Vdc, VTVM Z ^ 1 Megohm) 






Static Forward -Current Transfer Ratio 


h FE 




(V CE = 1 Vdc, I c = 20 mAdc) 

2N524 

25 

42 

- 

2N525 


34 

65 

- 


2N526 


53 

90 

- 


2N527 


72 

121 

- 

Small-Signal Short-Circuit Forward 

Current Transfer Ratio Frequency Cutoff 






(V CB = 5 Vdc, Ig = 1 mAdc) 

2N524 


0.8 

5. 0 

MHz 

2N525 


1.0 

5. 5 



2N526 


1.3 

6. 5 



2N527 


1.5 

7.0 


Output Capacitance 


C ob 




(V CB = 5 Vdc, I E = 1 mAdc, f = 1 MHz) 


5.0 

40 

pF 

Small-Signal Open Circuit Output Admittance 


h ob 




(V CB = 5 Vdc, I E = 1 mAdc, f = 1 kHz) 

2N524 

0. 10 

1.3 

/imho 

2N525 


0. 10 

1.2 



2N526 


0. 10 

1.0 



2N527 


0. 10 

0. 9 


Small-Signal Open Circuit Reverse Transfer 
Voltage Ratio 


h rb 



_4 

(V CB = 5 Vdc, l E = 1 mAdc, f = 1 kHz) 

2N524 


1.0 

10 

X10 

2N525 


1.0 

11 



2N526 


1.0 

12 



2N527 


1.0 

14 


Small-Signal Short Circuit Input Impedance 


h lb 




(V CB = 5 Vdc, I £ = 1 mAdc, f = 1 kHz) 

2N524 

26 

36 

ohms 

2N525 


26 

35 



2N526 


26 

33 



2N527 


26 

31 


Collector -Emitter Saturation Voltage 


V CE (sat) 




(Ig = 2 mAdc, I c = 20 mAdc) 

2N524 




0g = 1.33 mAdc, I c = 20 mAdc) 

2N525 


- 

130 

mVdc 

(Ig = 1. 0 mAdc > * 20 mAdc) 

2N526 


- 

130 


(Ig = 0. 67 mAdc, 1^ = 20 mAdc) 

2N527 


- 

130 




- 

130 


Base Input Voltage 


V BE 


■M 


(V CE = 1 Vdc, I c = 20 mAdc) 

2N524 

220 


mVdc 

2N525 


200 




2N526 


190 

Bs 



2N527 


180 

mm 
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COLLECTOR POWER 


2N524 thru 2N527 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristics 

Symbol 

Min 

Max 

Unit 

Noise Figure 


NF 

- 

15 

dB 

(V CB = 5 Vdc, I £ = 1 mAdc, 
f = lkHz.BW = X Hz 






Small -Signal Short-Circuit 

Forward-Current Transfer Ratio 


h 

fe 




(V CE = 5 Vdc, I E = 1 mAdc, f = 1 kHz) 

2N524 


18 

41 

- 

2N525 


30 

64 



2N526 


44 

88 



2N527 


60 

120 



POWER-TEMPERATURE DERATING CURVE 



0 25 50 75 100 

T a , AMBIENT TEMPERATURE (°C) 


The maximum continuous power is related to maximum junction tem- 
perature by the thermal resistance factor. 

This curve has a value of 225mW at case temperatures of 25 °C and is 
0 mW at 100°C with a linear relation between the two temperatures such that: 

„ 100° — Ta 

allowable Pd = 

0.333 



-60 -40 -20 0 +20 +40 +60 +80 +100 


TEMPERATURE (°C) 


h F£ VARIATION WITH TIME 


■ 

U 

m 

m 



■ 

■j 

M 

















o 1000 2000 

TIME (HOURS) 



rsi 



TIME (HOURS) 



0 20 40 60 80 100 120 140 160 180 200 

l r , COLLECTOR CURRENT (MILLIAMPERES) 



0 20 40 60 80 100 120 140 160 180 200 

l c , COLLECTOR CURRENT (MILLIAMPERES) 
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2n554 (GERMANIUM) 
2N555 


For Specifications, See 2N178 Data, 


JAN 2n559-1 (GERMANIUM) 
JAN 2N559-2 
JAN 2N559-3* 


PNP germanium mesa transistors designed for mil- 
itary and industrial high-reliability, high-speed switch- 
ing applications. 

CASE 22 

(TO-18) 


Collector connected to case 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector- Emitter Voltage 

V CES 

15 

Vdc 

Collector-Base Voltage 


15 

Vdc 

Emitter-Base Voltage 

HIS 

5.0 

Vdc 

Collector Current 

X C 

50 


Base Current 

% 

50 


Emitter Current 

l E 

50 


Total Device Dissipation @ = 25°C 

Pd 


mW 

Derate above 25°C 



mW/°C 

Total Device Dissipation @ T c = 25°C 

Pd 

300 

mW 

Derate above 25°C 


4.0 

mW/°C 

Operating Junction Temperature Range 

Tj 

1 

-65 to +100 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°c 


* Level 3 reliability data shown for information only. Qualification tests will be initiated upon established 
customer requirements. 
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JAN 2N559-1, -2, -3 (Continued) 


RELIABILITY RATINGST 


Relia- 

bility 

Level 

Indi- 

cator 

QUALITY LEVELS (LTPD) 

RELIABILITY LEVELS 

Maximum failure rate ( x ) during first 

1000 hours with 90% confidence. 

Est. Max 
Failure 
Rate in 
Conserva- 
tively 
Designed 
Equipment 
%/1000 
Hrs 

Operation Life 

Storage Life 

P D = 150 mW 

I e = 50 mA 

Ta = 25°C 

t a =ioo°c 

T a =150°C 

Group A 
Subgroups 

Group B 
Subgroups 


Major 

Defect 

Minor 

Defect 

Major 

Defect 

Minor 

Defect 

Major 

Defect 

Minor 

Defect 

Major 

Defect 

Minor 

Defect 

Major 

Defect 

Minor 

Defect 


( i ) 

3.0 

5.0 

10 

20 

10 

20 

10 

20 

20 

- 

0.1 

(2) 

1.5 

3.0 

5.0 

15 

5.0 

15 

1.5 

3.0 

7.0 

20 

0.01 

(3)* 

1.0 

2.0 

3.0 

7.0 

2.0 

5.0 

0.2 

0.5 

1.0 

3.0 

0.001 


| This table relates the statistical sampling requirements in the specification to the reliability levels for the 
transistor. 

* Level 3 reliability data shown for information only. Qualification tests will be initiated upon established 
customer requirements. 


TABLE I - GROUP A INSPECTION 






LTPD for 



Limit 


Examination or Test 

MIL-STD-750 

Kespecnve KeuaDiiny Level 

Symbol 





Unit 

Method 

Total ® 

Major 

Requirement Limit 

Defect Classification 



ED 


Efl 

GD 


E9 


■Mi 

bob 

Minor 

Major 


SUBGROUP 1 



■ 

| 


■ 

■ 


| 

fl 


BBlj 

mm 

Visual and Mechanical Examination 

2071 

10 

H 

■ 


B 

m 

- 

1 

■ 

- 


m 

SUBGROUP 2 


■ 

B 



1.5 

1.0 







Emitter-Base Cutoff Current 
(V EB = -1 Vdc) 

3061 

Condition D 

1 

I 





r EBO 

— 

5.0 

> 5 to 10 

>10 

MAdc 

Collector-Base Cutoff Current 
(V C B = -5 Vdc) 

3036 

Condition D 


1 





^BO 

_ 

3.0 

>3 to 5 

> 5 

MAdc 

Emitter-Base Breakdown Voltage 
(I E = -200 MAdc) 

3026 

Condition D 

I 

I 





BV EBO 

5.0 

— 

3.5 to <5 

<3.5 

Vdc 

Collector-Emitter Breakdown Voltage 
(I c = -100 juAdc) 

3011 

Condition C 

1 

1 





bv ces 

15 

— 

12 to <15 

<12 

Vdc 

SUBGROUP 3 


5 

3 



1.5 

1.0 







Collector-Emitter Saturation Voltage 
(l£ = -50 mAdc, Ig = -1.5 mAdc) 

3071 







v CE(sat) 



1.0 

>1.0 to 1.2 

>1.2 

Vdc 

(I c = -10 mAdc, I B = -0.4 mAdc) 









- 

0.3 

>0.3 to 0.35 

>0.35 


Base- Emitter Saturation Voltage 
(I c = -10 mAdc, Ig = -0.4 mAdc) 

3066 

Condition A 







v BE(sat) 

0.32 

0.44 

0.30 to <0.32 
and 

0.44 to 0.50 

<0.30 
and 
> 0.50 

Vdc 

DC Current Gain 

(I c = -10 mAdc, V CE = -0.5 Vdc) 

3076 







h FE 

25 

150 

20 to <25 
and 

>150 to 200 

<20 

and 

>200 

— 

SUBGROUP 4 


H 

fl 



ffi 

m 

■ 






Rise Time 

(V C c = -3-5 Vdc, V BE(off) = 0.5 Vdc, 
iBl = -0.55 mAdc, Rq = 300 ohms, 
C C E= 150 pF , C CB = 2 + 0.5 pF ) 

3251 

Condition A 



I 




B 

I 

95 

>95 to 115 

>115 

ns 

Storage Time 

(Vcc = "3.5 Vdc, I B1 = -1 mAdc, 

I B 2 = 0.25 mAdc, Rc = 300 ohms) 

3251 

Condition A 



1 


1 



■ 

95 

>95 to 115 

>115 

ns 

Fall Time 

( v cc = " 3 - 5 vdc > J B1 = _1 mAdc- 

I n9 = 0.25 mAdc, R r = 300 ohms, 
cfcB = 2t0.5 pF) 

3251 

Condition A 

1 

1 

1 



1 

B 

■ 

100 

> 100 to 120 

>120 

ns 


NOTES: 


(T) Total is defined as the sum of the major and minor defectives. 
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JAN 2N559-1, -2, -3 (Continued) 






Defect Classification 



SUBGROUP 2 


Moisture Resistance 

1021 

(No initial conditioning; one cycle; 


only steps 1 to 6) 


End-Point Tests: 


Emitter-Base Cutoff Current 

3061 

(V EB = -1 Vdc) 

Condition D 

Collector-Base Cutoff Current 

3036 

(V CB = -5 Vdc) 

Condition D 

DC Current Gain 

3076 

(I r - -10 mAdc, V rF = -0.5 Vdc) 



Shock 

(Non-operating; 5 blows: 1500 G in 
Orientations Xj, Yj, Y2, and Zy 
(total = 20 blows) 

Constant Acceleration 
(20,000 G, Orientations X,, Y., Y 2 , 
and Zy) 

Vibration Fatigue 
(No bias applied) 

Vibration, Variable Frequency 
(1 cycle each in Orientations Xj, Yj, 
and Zy) 

End-Point Tests: Same as Subgroup 2 



SUBGROUP 3 


Tension 

2036 


Condition A 

Solderability 

2026 

Temperature Cycling 

1051 

(5 cycles) , 

Condition B 

T (hi g h) = 100 _Q ° c 2N559 (i) 


T(high) = 150 ±5 °C 2N559 (2), 


2N559 (3) 


Thermal Shock (Glass Strain) 

1056 


Condition A 

Moisture Resistance 

1021 

End-Point Tests: Same as Subgroup 2 





Terminal Strength - Lead Fatigue v 


2036 

Condition E 



High-Temperature Life (Non-operating) 

(T -isn +0 Or\ 2N559 (2), 

(T stg - 150 _ 5 C) 2Ng59 (3) 

End-Point Tests : Same as Subgroup 2 


Steady-State Operation Life 
d E = 50 mAdc, Pd = 150^1? mW > 
T a = 25 t 3°C) 

End-Point Tests : Same as Subgroup 2 





NOTES: (T) Total is defined as the sum of the major and minor defectives. 

( 2 ) Rejects from prior electrical-test samples from the same lot may be used for this test. 
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JAN 2N559-1, -2, -3 (Continued) 


TABLE III - GROUP C INSPECTION* 




7~ 

LTPD for 


“ 


Limit 


„ ... * . 

MIL-STD-750 

Respective Keiiaoiiity Level 

Symbol 





Unit 


Method 

Total 

BMW 

Requirement Limit 

Defect Classification 



no 

EI 

El 

RR 

El 

M 




BHE9I 

K2!!f3K! 


SUBGROUP 1 


10 

B 

B 

D 

fl 

a 



1 




Output Capacitance 
(V C b = -5 Vdc, I E = 0, f = 100 kHz) 

3236 


I 

1 



1 

c ob 

— 


> 6 to 10 

>10 

PF 

Current-Gain — Bandwidth Product 
(Ig = 10 mAdc, V c = -1 Vdc, 
f * 100 MHz) 

3261 


1 

I 

1 

I 

1 

■ 

300 

1000 

250 to < 300 
and 
>1000 

<250 

MHz 

Delay Plus Rise Time 
(V CC = -3.5 Vdc, V BELofi) =* 0.5 Vdc, 

I B1 = -1 mAdc, Rc = 300 ohms, 

C CB = 2+ .S‘ 5 P F * C BE = 2 t0 ’ 5pF 

3251 

Condition A 


1 

1 

1 


1 

D 

- 

50 

> 50 to 75 

>75 

■ 

SUBGROUP 2 


10 

■ 

H 

D 

B 

B 





HI 


Collector-Emitter Cutoff Current 
( v ce = 5 Vdc, T A = + 55°C) 

3041 

Condition C 


1 

1 

1 


i 

! CES 

— 

40 

> 40 to 50 

B 1 

MAdc 

DC Current Gain 

(I r = -10 mAdc, V rF = -0.5 Vdc, 

T a = -55°C) 

3076 



1 

1 

1 


h FE 

10 

- 

8 to <10 

■ 

— 

SUBGROUP 3 


20 

15 

B 

10 

fl 

B 


■fl 

■ 


■ 

|| 

Salt Atmosphere (Corrosion) 

1041 





B 




■ 

— 



End-Point Tests: 

Same as Group B, Subgroup 2 




1 





1 

II 



H 

SUBGROUP 4 



20 

10 

- 

10 



| 





High-Temperature Life (Non-operating) 

1031 







— 


— 

— 

— 

— 

< T stg= 100 ^o C) 









1 





End-Point Tests: 









BB 





Emitter-Base Breakdown Voltage 
(I E = -300/iAdc) 

3026 

Condition D 







bv ebo 

^1 

_ 

3.5 to <5 

<3.5 

Vdc 

Collector-Emitter Breakdown Voltage 
(I c » -100/iAdc) 

3011 

Condition C 







bv ces 

12 

— 

8 to <12 

<8 

Vdc 

Collector- Emitter Saturation Voltage 
(Iq - -10 mAdc, Ig * -0.5 mAdc) 

3071 







V CE(sat) 

— 

0.3 

>0.3 to 0.6 

>0.6 

Vdc 

Base-Emitter Saturation Voltage 
(I c = -10 mAdc, I fi = -0.4 mAdc) 

3066 

Condition A 







V BE(sat) 

0.31 

0.47 

0.25 to<0.31 
and 

>0.47 to 0.55 

<0.25 

and 

>0.55 

Vdc 

Delay Time 

(V cc = -3.5 Vdc, V BE (ofn =0.5 Vdc, 

Ifii = -0.55 mAdc, R q = 300 ohms, 

C CE = 150 pF, C CB = 2 PF, 

C BE = 2 -0.5 pF) 

3251 

Condition A 







*d 

10 

35 

< 10 and 
>35 to 45 

>45 

■ 

Rise Time 

(V CC = -3.5 Vdc, V BE(off) = 0.5 Vdc, 
Ifii = -0.55 mAdc, R^ = 300 ohms, 

C CE = 150 pF, C CB = 2^ 0 ° ,5 pF) 

3251 

Condition A 







*r 

15 

105 

<15 and 
>105 to 125 

>125 

B 

Storage Time 

(V CC = -3.5 Vdc, 1 B1 = -1 mAdc, 

Ig2 = 0.25 mAdc, Rq = 300 ohms) 

3251 

Condition A 







4 s 

15 

105 

< 15 and 
>105 to 125 

>125 

D 


* Group C is to be performed on the first lot and every 6 months thereafter. 
NOTE: (T) Total is defined as the sum of the major and minor defectives. 


2n61 8 (GERMANIUM) 


For Specifications, See 2N375 Data. 
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2n650A, 2n650 (GERMANIUM) 

2n651A, 2n651 
2n652A, 2n652 


GERMANIUM PNP MILLIWATT TRANSISTORS 


. . . designed primarily for low-power audio amplifier and medium- 
speed switching applications. 


• Stabilization Bake at 100°C for 120 Hours for 

Greater Gain Stability 

• Low Collector-Emitter Saturation Voltage — 

0.2 VdcTyp@ l C = 200 mA 


AUDIO TRANSISTORS 
GERMANIUM PNP 


45 VOLTS 
200 MILLIWATTS 


* MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage (RgE = 10 k ohms) 

V CER 

30 

Vdc 

Collector-Base Voltage 

CD 

O 

> 

45 

Vdc 

Emitter-Base Voltage 

Veb 

30 

Vdc 

Collector Current — Continuous (1) 

•c 

500 

mAdc 

Total Device Dissipation @ = 25°C 

Pd 

200 

mW 

Derate above 25°C 


2.67 

mW/°C 

Operating and Storage Junction Temperature Range 

T J' T stg 

-65 to + 1 00 

°C 


Maximum lead temperature is 250°C for 3.0 seconds, 
1/16" + 1/32" from case. 

(1) Limited by power dissipation. 

* THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.250 

°C/mW 

Thermal Resistance, Junction to Ambient 

#JA 

0.375 

°C/mW 


Indicates JEDEC Registered Data. 




0 J 35 d 

0.370 u 
0.305 n 
0.335 u 


0.016 n 
0.019 u 


0.240 

0.260 



(All leads isolated from Case) 
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2N650A,2N650/2N651A,2N651/2N652A,2N652 (continued) 

"ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


| Characteristic j 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Floating Potential H) 

VEBF 


1.0 

Vdc 

(Vcb = 45 Vdc, Ie = 0, voltmeter input resistance ^ 10 megohms) 





Collector Cutoff Current 

•CER 

_ 

600 

MAdc 

(Vce = 30 Vdc, RgE = 10 k ohms) 





Collector Cutoff Current 

'CBO 



juAdc 

( V C b = 30 Vdc, l E = 0) 


- 



(V C b = 4 5 Vdc, i e = °) 


- 



(v C b = 10 vdc, 'e = o, t a = +7i°c) 


- 



Emitter Cutoff Current 

•ebo 

. - 

10 

juAdc 

(V E b = 30 Vdc. I C = 0) 






ON CHARACTERISTICS 


DC Current Gain 

(l c = 10 mAdc, V C E = 10 Vdc) 

2N650 

2N650A 

2N651 , A 

2N652, A 

h F E 

30 

33 

45 

80 

- 


Collector-Emitter Saturation Voltage 


v CE(sat) 



Vdc 

0c = 50 mAdc, Ib = 2.5 mAdc) 

2N650, A 


- 

0.250 


(l c = 50 mAdc, Ib = 1.67 mAdc) 

2N651 , A 


- 

0.250 


0C = 50 mAdc, l B = 1-25 mAdc) 

2N652, A 


- 



(lc = 100 mAdc, Ib = 5.0 mAdc) 

2N650, A 


- 

0.500 


(l C = 100 mAdc, Ib = 3.33 mAdc) 

2N651.A 


- 

0.500 


(l c = 100 mAdc, l B = 2.5 mAdc) 

2N652, A 


- 

0.500 


Base-Emitter Voltage 


Vbe 



Vdc 

(l c = 10 mAdc, V C E = 10 Vdc) 

2N650, A 


- 

0.270 



2N651 , A 


- 

0.260 



2N652, A 


- 

0.250 



SMALL SIGNAL CHARACTERISTICS 


Common-Base Cutoff Frequency 

f a b 




(l E = 10 mAdc, V CB = 6.0 Vdc) 2N650, A 


0.75 

- 


2N651, A 


1.0 

- ■ 


2N652, A 


1.25 

- 

■ I 

Output Capacitance (11 



25 


(Vcb = 6.0 Vdc, l£ = o, f = 1.0 MHz) 





Input Impedance 

h ib 

27 

37 


( 1 E = 1 .0 mAdc, V C b = 6.0 Vdc, f = 1 .0 kHz) 





Small-Signal Current Gain 




_ 

( 1 e = 1 .0 mAdc, V CE = 6.0 Vdc, f = 1 .0 kHz) 2N650, A 


30 

70 


2N651 , A 


50 

120 


2N652, A 


100 

225 


Output Admittance ( 1 1 

h ob 

0.15 

1.0 


(lE = 1.0 mAdc, Vqb = 6.0 Vdc, f = 1.0 kHz) 





Noise Figure 

NF 

_ 

15 

dB 

(l£ - 0.5 mAdc, Vce -4.5 Vdc, Rg = 1.0 k ohms, 





f = 1.0 kHz, A f = 1.0 Hz) 






(1) Applies only to 2N650A, 2N651A, and 2N652A Devices 


"indicates JE DEC Registered Data. 



0.5 1.0 2.0 5.0 10 20 50 100 200 500 



1C, COLLECTOR CURRENT (mA) 


1C, COLLECTOR CURRENT (mA) 
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2n653 thru 2N655 (GERMANIUM) 


PNP germanium transistor, for high-gain amplifier 
and switching service in the audio frequency range. 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector to Base Voltage 

v 

V CB 

30 

Volts 

Collector to Emitter Voltage 

v 

V CER 

25 

Volts 

Emitter to Base Voltage 

V EB 

25 

Volts 

Collector D. C. Current * 

>C 

250* 

mA 

Junction Temperature Limits 

T J 

-65 to +100 

O 

o 

Storage Temperature Limits 

T stg 

-65 to +100 

°c 

Collector Dissipation in, Ambient 

Derate 2. 67 mW/° C above 25° C 

P D 

200 

mW 

Thermal Resistance, Junction to Ambient 

*JA 

0.375 

°C/mW 


♦Limited by power dissipation. 



ELECTRICAL CHARACTERISTICS (T A - 25°C unless otherwise noted) 


Characteristics 

Symbol 

Small Signal Current Gain 

V^,j, * 6 V, Ig = 1. 0 mA, f * 1 kHz 

h fe 

Small Signal Input Impedance 

V CE * 6 V » X e ml '° mA » f = 1 kHz 

h ie 

Small Signal Current Gain Cutoff 
Frequency 

V CB s6V ' I E sl * 0mA 

f otto 

Output Capacity 

V CB = 6 V » l E = 0 mA » f = 1 MHz 

C ob 

Noise Figure 

V CE = 4 -5V,I e = 0.5 mA, 

Rs = 1, f = kHz 

At * 1 Hz 

NF 

Collector Reverse Current 

V CB “ 25 V > h " ° 

^BO 

Emitter Reverse Current 

▼eb““ v '\:“ 0 

X EBO 

Collector -Emitter Reverse Current 
V CE * 25 y » ^be = 10k 

^CER 

Base -Emitter Input Voltage 

V CE = 6 V ' I C ssl * 0mA 

v 

V BE 



2N655 



10 


5.0 


5.0 



15 fiA 
15 jiA 
600 M 
0.3 Vdc 









































































































COLLECTOR CURRENT (I ) MILLtAMPERES PERCENT OF VALUE AT 25*C 


2N653 thru 2N655 (continued) 



80 -60 -40 -20 0 20 40 60 80 100 

JUNCTION TEMPERATURE °C 


POWER-TEMPERATURE DERATING CURVE 



0 10 20 30 40 50 60 70 80 90 100 

AMBIENT OR CASE TEMPERATURE °C 



0 0.2 0.4 0.6 0.8 

BASE TO EMITTER VOLTAGE < V M > VOLTS 


LARGE SIGNAL CURRENT GAIN 
versus COLLECTOR CURRENT 
BASE TO EMITTER VOLTAGE (Vbe) VOLTS 
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2n656 (SILICON) 

2n657 


NPN SILICON ANNULAR TRANSISTORS 

. . . NPN silicon annular transistor designed for small-signal amplifier 
and general purpose switching applications. 

• High Collector-Emitter Breakdown Voltage — 

BVcEO = 100 Vdc (Min) @ I c = 250/iAdc - 2N657 

• High Emitter-Base Breakdown Voltage — 

BVebO = 8.0 Vdc (Min) @ l£ = 250 juAdc 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N656 

2N657 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

100 

Vdc 

Collector-Base Voltage 

VCB 

60 

100 

Vdc 

Emitter-Base Voltage 

V EB 

8.0 

Vdc 

Total Device Dissipation @ = 25°C 

p D 

1.0 

Watt 

Derate above 25°C 


5.7 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

p D 

4.0 

Watts 

Derate above 25°C 

22.8 

mW/°C 

Operating and Storage Junction 

T J*T s tg 

-65 to +200 

°C 

Temperature Range 





*ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 

Characteristic | Symbol | Min [ Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(1C = 250 ^Adc, l B = 0) 2N656 

2N657 

bv CEO 

60 

100 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 100/iAdc, l E = 0) 2N656 

2N657 

BVcbO 

60 

100 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(1 E = 250/xAdc, l c = 0) 

bv EBO 

8.0 

- 

Vdc 

Collector Cutoff Current 
(V CB = 30 Vdc, l E = 0) 

'CBO 

— 

10 

/xAdc 


ON CHARACTERISTICS 


DC Current GainO) 

(1C = 200 mAdc, V CE = 10 Vdc) 

h FE 

30 

90 

- 

Collector-Emitter Saturation Voltaged) 

Oc = 200 mAdc, lg = 40 mAdc) 

VCE(sat) 

_ 

4.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Input Impedance(l) 

hie 



k ohm 

(l B = 8.0 mAdc, V C E = 10 Vdc) 



0.5 



I ndicates JE DEC Registered Data. 

(1 ) Pulse Test: Pulse Length = 300 jus. Duty Cycle < 2.0%. 


NPN SILICON 

ANNULAR TRANSISTORS 
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2N665 (GERMANIUM) 




(TO-3) 


PNP germanium power transistor for driver and 
power output amplifier and power switching applica- 
tions in military and industrial equipment. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

80 

Vdc 

Emitter-Base Voltage 

V EB 

40 

Vdc 

DC Collector Current 

k : 

3.0 

Amp 

DC Emitter Current 

l E 

5.0 

Amp 

Collector Junction Temperature 

t j 

-65 to +95 

°C 

Collector Dissipation 

^D 

35 

Watts 

Derate above 25°C 


0.5 

W/°C 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Emitter Cutoff Current 
(V E BO ■ Vdc ' *c = °> 

X EBO 

— 

2.0 

mAdc 

Collector Cutoff Current 

< V CBO = * 2 Vdc > *E ■ °> 

( v CBO ~ Vdc, I E • 0) 

< V CBO ■ - 80 Vdc - l E ■ °> 

*CBO 

— 

0.05 

2.0 

10 

mAdc 

DC Current Gain 

( V CE = " 2 vdc * k = -°* 5 Adc ) 

(V CE = -2 Vdc, Ic = -2 Adc) 

h FE 

40 

20 

80 

HI 

Emitter-Base Voltage 

(V CE = -2 Vdc, Ic * -2 Adc) 

V EB 

— 

1.5 

Vdc 

Floating Potential 
(V CB = -80 Vdc, voltmeter input 
resistance = 10 megohms min, t * 1 sec) 

|H| 


1.0 

Vdc 

Collector- Emitter Saturation Voltage 
(IC = -3 Adc, I B = -220 mAdc) 

V CE (sat) 

— 

-0.9 

Vdc 

Collector- Emitter Voltage 
(Ic = -300 mAdc, Ig = 0) 


40 

— 

Vdc 

Small-Signal Short-Circuit Forward-Current 
Transfer-Ratio Cutoff Frequency 
(V C £ = -14 Vdc, Ic = -2 Adc) 

* ae 

20 

— 

kHz 

Emitter Cutoff Current 

(V E bo = “ 30 vdc » k = °» T c = * 71 ° C min ) 

‘ebo 

— 

2.0 

mAdc 

CoUector Cutoff Current 

( v CBO = * 30 Vdc » l E * °> T C = ♦ 71 ° C min) 


— 

2.0 

mAdc 
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P* POWER DISSIPATION (WATTS) % OF h FE AT 25°C 


2N665 (continued) 


h FE versus TEMPERATURE 


1 ■ 

y lc = 2A 




V« = 2V 


7 

■ PS 


0 

0 0 

0fffPf a j i 0 




/ 





l c = 0.5 A 







■ r— 





-60 -40 —20 0 20 40 60 80 100 

T c , CASE TEMPERATURE (°C) 


The Safe Operating Area 
Curves indicate I c — V CE 
limits below which the device 
will not go into secondary 
breakdown. Collector load 
lines for specific circuits must 
fall within the applicable Safe 
Area to avoid causing a col- 
lector-emitter short. (Duty 
cycle of the excursions make 
no significant change in these 
safe areas.) To insure opera- 
tion below the maximum Tj, 
the power-temperature de- 
rating curve must be ob- 
served for both steady state 
and pulse power conditions 



0 20 25 40 60 80 100 

T Cf CASE TEMPERATURE (°C) 


SAFE OPERATING AREA 



0 10 20 30 40 50 60 70 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N669 (GERMANIUM) 


For Specifications, See 2N176 Data, 





2N681 thru 2N689 (SILICON) 



Industrial-type, silicon controlled rectifiers in a stud package 
with current handling capability to 25 amperes at junction 
temperatures to 125°C. MCR equivalents available in TO-48 
package — i.e. — 2N681 available in TO-48 package asMCR681. 


MAXIMUM RATINGS (Tj — 125°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage* t 

2N681 

v RSM(rep)* t 

25 

Volts 


2N682 


50 



2N683 


100 



2N684 


150 



2N685 


200 



2N686 


250 



2N687 


300 



2N688 


400 



2N689 


500 


Peak Reverse Blocking Voltage* 
(Transient) 

2N681 

v RSM(non-rep)* 

35 

Volts 

(non- recurrent t = 5 ms max.) 

2N682 


75 



2N683 


150 



2N684 


225 



2N685 


300 



2N686 


350 



2N687 


400 



2N688 


500 



2N689 


600 


Forward Current RMS (all conduction angles) 

l T 

25 

Amp 

Peak Forward Surge Current 


t TSM 


Amp 

(One cycle, 60 Hz, Tj = -65 to +125°C) 


200 


Circuit Fusing Considerations 


I 2 t 



(Tj = -65 to +125°C, t ^ 8.3 ms) 



165 

n i 

Peak Gate Power- Forward 

P GM 

5.0 

Watts 

Average Gate Power- Forward 

p G(AV) 

0.5 

Watt 

Peak Gate Current- Forward 

l GM 

2.0 

Amp 

Peak Gate Voltage- Forward 


V GFM 

10 

Volts 

Reverse 


V GRM 

5.0 


Operating Junction Temperature Range 

t j 

-65 to + 125 

°c 

Storage Temperature Range 

T stg 

-65 to +150 

°C 

Stud Torque 

— 

30 

in. lb. 


tVRSMt° r types can be applied on a continuous dc basis without incurring change. 


* VRSM(rep) ra t in S s apply for zero or negative gate voltage. 
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2N681 thru 2N689 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25 P C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Units 

Peak Forward Blocking Voltage 

V DRM 




Volts 

(T, = 125°C) 2N681 



— 

. — 


2N682 



— 

— 


2N683 


100 

— 

— 


2N684 


150 

— 

— 


2N685 


200 

— 

— 


2N686 


250 


— 


2N687 


300 

— 

— 


2N688 


400 

— 

— 


2N689 


500 

— 

— 


Peak Forward or Reverse Blocking Current 

*DRM 

| 

B 

■ ■ 

mA 

(Tj = 125°C) 2N681 - 2N684 

*RRM 

B 

B 



2N685 




zMmm 


2N686 



1 



2N687 


u 

B 

10.0 


2N688 



B 

8.D 


2N689 


B 

E 

6.0 


Gate Trigger Current (Continuous dc) 

l GT 

B 



mA 

(Anode Voltage = 7 Vdc, = 50 ft) 


I 

10 

25 


Gate Trigger Voltage (Continuous dc) 

V G T 


B 


Volts 

(Anode Voltage = 7 Vdc, R L = 50 ft) 


0.25 

B 

3.0 


Holding Current 

Ih 

B 


B 

mA 

(Anode Voltage = 7 Vdc, Gate Open) 


B 

20 

1 


Forward On Voltage 

V TM 

B 


B 

Volts 

(I x = 20 Adc) 


B 

1.1 



Turn-On Time 

tgt 

B 


B 

MS 

(I T = 10A, I G = 200 mA) 

&*• 

B 

1.0 

B 


Turn-Off Time 


B 



MS 

(I T = 10 A; I R = 10 A, dv/dt = 30 V/(la min. 

■Bjj B 


30 



Tj = 125°C) 

■ 

| 


bb 


( V DRM = rated voltage) 

B 

1 


1 


Forward Voltage Application Rate 

dv/dt 

B 


B 

V/us 

(Gate open, Tj = 125°C) 


I 

30 

B 


Thermal Resistance (Junction to Case) 

®JC 


1.0 

2.0 

°c/w 
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, CASE TEMPERATURE (°C) o l s , GATE CURRENT (AMP) 


2N681 thru 2N689 (continued) 


2.0 

1-0=1 

0.5- 

0 . 2 - 
0.1 = 
.05- 


MAXIMUM ALLOWABLE 
FORWARD GATE CURRENT 
*GM = 2 AMP 


.02- 


3 VOLTS MINIMUD 
GATE VOLTAGE 
REQUIRED TO 
TRIGGER 
ALL UNITS 


« 2i * 

cctzae £ 

— °-x o 
5>-E= t- 

Sr> 


o s It . 

j '-z L 

TYPICAL 

/ TRIGGER POINT 


GATE TRIGGER CHARACTERISTICS 


• MAXIMUM ALLOWABLE GATE POWER 
PGM = 5 WATTS 



AS A TRIGGER CIRCUIT DESIGN CRITERIA 
ALL UNITS WILL TRIGGER AT ANY VOLTAGE 
AND CURRENT WITHIN THIS AREA 


40 mA MINIMUM 
GATE CURRENT REQUIRED 
RALLUNCTS 

- 25 mA) 

- 80 mA) 


GATE CURRENT I 
/ TO TRIGGER AL 
/ (125°C — 2! 

/ (— 65°C — 8 


MAXIMUM ALLOWABLE F0RWARD_ 
GATE VOLTAGE 10 VOLTS 












0.25 


3 4 5 6 7 

Vqt, GATE VOLTAGE (VOLTS) 
(Tj = 25 °C — ANODE @ 7 VOLTS) 


10 


FORWARD CONDUCTING CHARACTERISTICS 



Vj, INSTANTANEOUS FORWARD ON VOLTAGE (VOLTS) 


CURRENT DERATING 


SUGGESTED FIN SIZES 



RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 Hz 
FREE CONVECTION COOLING 
' CURVES SHOWN ARE FOR 180° CONDUCTION ANGLE ' 
FOR OTHER CONDUCTION ANGLES, MULTIPLY 
CURRENT VALUES BY FOLLOWING FACTORS: 



, FINS. 1/16" THICK COPPER 
I WITH EMISSIVITY=90% 

L STUD MOUNTED DIRECTLY 
TO COPPER FIN 
MINIMUM SPACING = 3/4" 


60 80 100 120 140 

T a , AMBIENT TEMPERATURE (°C) 
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2n696 (SILICON) 
2n697 


\ NPN silicon annular transistors designed for small- 
signal amplifier and general purpose switching appli- 
cations. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

V CER 

40 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Total Device Dissipation @ = 25°C 

P D 

0.6 

Watt 

Derate above 25°C 

13.3 

mW/°C 

Total Device Dissipation @ T^ = 25°C 

P D 

2.0 

Watts 

Derate above 25°C 


13.3 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +200 

°C 


ELECTRICAL CHARACTERISTICS <T A = 25°C unless otherwise noted.) 



* Pulse Test: Pulse Length ^ 12 ms, Duty Cycle = 2.0%. 

















































2N699 (SILICON) 


NPN silicon annular transistor designed for 
medium-current switching and amplifier applications. 


CASE 79 

(TO-39) 

Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

V CER 

80 

Vdc 

Collector-Base Voltage 

v 

CB 

120 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Total Device Dissipation = 25° C 

P D 

0.6 

Watt 

Derate above 25° C 

4.0 

mW/° G 

Total Device Dissipation = 25° C 

P D 

2.0 

Watts 

Derate above 25° C 


13.3 

mW/°C 

Operating Junction Temperature 

T J 

175 

°C 

Storage Temperature Range 

T stg 

-05 to +200 

°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

°3C 

75 

°c/w 

Thermal Resistance, Junction to 
Ambient 

*JA 

250 

°c/w 
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2N699 (continued) 

ELECTRICAL CHARACTERISTICS (T a = 25 *C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage* 

(1^ = 100 mAdc, R__ s 10 ohms) 

C BE 

BV * 

CER 

80 

- 

Vdc 

Collector Cutoff Current 
(V CB = 60 Vdc, I E = 0) 

(V CB =60 Vdc, I E =0, T A =150°C) 

! cbo 

- 

2.0 

200 

/iAdc 

Emitter Cutoff Current 
(V EB = 2. 0 Vdc, I c = 0) 

^EBO 

- 

100 

/iAdc 

ON CHARACTERISTICS 

DC Current Gain* 

(I„ = 150 mAdc, V n „ = lO^Vdc) 

E EE 

h FE* 

40 

120 

- 

Collector-Emitter Saturation Voltage* 

(I„ = 150 mAdc, E, = 15 mAdc) 

E B 

V * 

CE(sat) 

- 

5.0 

Vdc 

Base -Emitter Saturation Voltage* 

(I = 150 mAdc, I = 15 mAdc) 

C B 

v * 

BE(sat) 

- 

■9 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I c = 50 mAdc, V CE = 10 Vdc, 

f T 



MHz 

f = 20 MHz) 


50 

- 


Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kHz) 

C ob 

- 

20 

pF 

Input Impedance 

(I =1.0 mAdc, V„ D =5.0 Vdc, 

h ib 



ohms 

f = l.o kHz) 


20 

30 


(I c = 5. 0 mAdc, V CB = 10 Vdc, 





£ = 1.0 kHz) 


- 

10 


Voltage Feedback Ratio 
(I =1.0 mAdc, V^ 0 = 5. 0 Vdc, 

h V. 

rb 



-4 

X 10 * 

f = 1.0 kHz) 


- 

2.5 


(I c = 5. 0 mAdc, V CB = 10 Vdc, 





f = 1. 0 kHz) 


- 

3.0 


Small -Signal Current Gain 

(I„ = 1.0 mAdc, V_„ =5.0 Vdc, 

C EE 

h. 

fe 



- 

f = 1.0 kHz) 


35 

100 


(1^ = 5. 0 mAdc, V^ E = 10 Vdc, 





f = 1.0 kHz) 


45 

- 


Output Admittance 
(I c = 1. 0 mAdc, V CB = 5. 0 Vdc, 

h 

ob 



/umhos 

£ = 1.0 kHz) 


0.1 

0.5 


(I c = 5.0 mAdc, V CB = 10 Vdc, 





f = 1.0 kHz) 


- 

1.0 



* Pulse Test: Pulse Width £ 300 (is; Duty Cycle £ 2%. 
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2n700,A (GERMANIUM) 


CASE 21 

(TO- 17) 



PNP germanium mesa transistors for oscillator, 
frequency multiplier, wide-band mixer and wide-band 
amplifier applications. 


MAXIMUM RATINGS 







































2N700,A (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Sym 

Test Conditions 

Types 

Min 

Typ 

Max 

Unit 

Collector-Base 
Breakdown Voltage 

bv cbo 


All Types 

25 

32 

H 

Vdc 

Collector- Emitter 
Breakdown Voltage 

bv CEO 

Iq = 100 /iAdc, Ig = 0 

2N700 

2N700A 

20 

25 

B 

H 

Vdc 

IH5RR 

bv ebo 

I E = 100 jjAdc, I c = 0 

All Types 

0.2 

0.5 

H 

Vdc 

Collector Cutoff 
Current 

! cbo 

V CB = 6 Vdc, I E = 0 

V CB = 6 Vdc ’ *E = °> T A = 85 ° C 

All Types 

2N700 

2N700A 

1 

0.4 

60 

| 

pAdc 

Small Signal 
Forward Current 
Transfer Ratio 

kfe 

I E = 2 mAdc, V CE = 6 Vdc, f = 1 kHz 

I E = 5 mAdc, V CE = 6 Vdc, f = 1 kHz 

I E = 2 mAdc, V CE = 6 Vdc, f = 200 MHz 

All Types 

2N700A 

2N700 

2N700A 

4.0 

2.5 

5.0 

1 

50 

1 

Input Impedance 

QH 

I E = 2 mAdc, V CB = 6 Vdc, f = 1 kHz 

All Types 

— 

17 

30 

Ohms 

Base Resistance 

■ 

I E = 2 mAdc, V CB = 6 Vdc, f = 300 MHz 

All Types 

— 

55 

too 

Ohms 

Collector-Base 
Output Capacitance 
(case grounded) 

Cob 

V CB = 6 Vdc > r E = °> f = 100 kHz 

2N700 

2N700A 

a 

1.1 

m 

pF 

Power Gain 

G e 

I E = 2 mAdc, V^ B = 6 Vdc, f = 70 MHz 

(neutralized) 

2N700 

2N700A 

20 

22 

23 

■ 

dB 

Noise Figure 

mm 

All Types 

— 

QSJ 


dB 

Power Gain 

m 

I E = 2 mAdc, V CB .= 6 Vdc, f = 30 MHz 

(neutralized) 

2N700A 

26 

■ 

■ 

dB 
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2n702 (SILICON) 

2n703 


NPN silicon annular transistors designed for low- 
level, high-speed switching applications. 



MAXIMUM RATINGS (T a s: 25*0 unless otherwise noted) 


CASE 22 

(TO-18) 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

V CEO 

25 

Vdc 

Collector-Base Voltage 

V CB 

25 

Vdc 

Emitter -Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 

V 

50 

mAdc 

Total Device Dissipation (5? T^ = 25° C 

P D 

300 

mW 

Derate above 25 Q C 


2.0 

mW/°C 

Total Device Dissipation @ T^ = 25° C 

P D 

600 

mW 

Derate above 25° C 


4.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T stg 

-65 tp +175 

°C 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 



Unit 

OFF CHARACTERISTICS 

Collector -Emitter Breakdown Voltage 

(I =2.0 mAdc, I B = 0) 

bv ceo 

B 

- 

. 

Vdc 

Collector -Base Breakdown Voltage 
(I c = 5.0/iAdc, I E =0) 

bv cbo 

— 

m 

■ 


Emitter-Base Breakdown Voltage 
(I E = 10 MAdc, I c = 0) 


m 

- 

- 

Vdc 

Collector Cutoff Current 
(V CE = 20 Vdc, I B = 0) 

1 

■ 

. 

10 

MAdc 

Collector Cutoff Current 
(V CB - 10 Vdc, I E =0) 

B 

m 


0.5 

MAdc 

(V CB = 10 Vdc, I E = 0, T A = +1 50° C) 



- 

50 



ON CHARACTERISTICS 


DC Current Gain* 

(I_ = 10 mAdc, = 5. 0 Vdc) 2N7Q2 

CE 2N703 

(I_ = 10 mAdc, V r „ = 5.0 Vdc, T. = -55° C) 2N702 

C CE A 2N703 

h FE * 

20 

40 

12 

20 

_ 

60 

100 


Collector -Emitter Saturation Voltage* 

(I c * 10 mAdc, Ig = 1. 0 mAdc) 

V * 

v CE(sat) 

- 

- 

0.5 

Vdc 

Base -Emitter On Voltage* 

(I c = 10 mAdc, V CE = 5. 0 Vdc) 

V , v* 
v BE(on) 

0.7 

m 

0.95 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain - Bandwidth Product 
(Ig = 10 mAdc, V QE = 5. 0 Vdc, f = 100 MHz) 

B 




MHz 

Output Capacitance 

(V CB s 5. 0 Vdc, I E = 0, f = 1. 0 MHz) 

C Ob 

- 

3.0 

6.0 

PF 


♦Pulse Test: Pulse Width =? 300 ms, Duty Cycle = ?. 0%. 
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2N705 (GERMANIUM) 


CASE 22 

(TO- 18) 


ol lector connected to case 



PNP germanium mesa transistor for high-speed 
switching applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector -Base Voltage 

V CB 

15 

Vdc 

Collector -Emitter Voltage 

V CES 

15 

Vdc 

Emitter-Base Voltage 

V EB 

3.5 

Vdc 

Collector Current 

*c 

50 

mAdc 

Emitter Current 

l E 

50 

mAdc 

Junction Temperature 

t j 

100 

°C 

Storage Temperature 

T stg 

-65°C to +100 

°C 

Collector Dissipation @ T c = 25°C 

p c 

300 

mW 

Derate above 25°C 


4.0 

mW/°C 

Collector Dissipation in Free Air 

p c 

150 

mW 


NORMALIZED D C. CURRENT GAIN COLLECTOR SATURATION VOLTAGE 

versus COLLECTOR CURRENT versus AMBIENT TEMPERATURE 



0.1 0.2 0.5 1.0 2.0 5 10 20 50 100 

l c , COLLECTOR CURRENT (mAdc) 
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t„ STORAGE TIME (NANOSECONDS) 


2N705 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector -Base Breakdown Voltage 
(I c = 100 /iAdc, I £ = 0) 

BV 

CBO 

15 

B 

■ 

Vdc 

Collector- Emitter Breakdown Voltage 
(I CE = 100 /iAdc, V BE = 0) 

bv ces 

15 

■ 

■ 

Vdc 

Emitter-Base Breakdown Voltage 
(I £ = 100 /iAdc, I c = 0) 

bv ebo 

3.5 


■ 

Vdc 

Collector Cutoff Current 
(V CB = 5 Vdc, I E = 0) 

X CBO 

■ 

B 

3.0 

fi Adc 

DC Forward Current Transfer Ratio 
(V CE = . 3 Vdc, l c = 10 mAdc) 

h FE 

25 

40 

■ 

■ 

Collector Saturation Voltage 
(I_ = . 4 mAdc, I_ = 10 mAdc) 

fc> L 

V CE(sat) 

■ 

0. 18 

0.3 

Vdc 

(I B = 5 mAdc, I c = 50 mAdc) 


■ 

0.45 

- 


Base -Emitter Voltage 

(I 0 = . 4 mAdc, I c = 10 mAdc) 

V BE 

H 

0. 39 

0.44 

Vdc 

Small Signal Forward Current Transfer Ratio 
(V CE = 1.0 Vdc, I c = 10 mAdc, f = 100 MHz) 

h fe 

— 

9.0 

■ 

Bi 

Collector Capacitance 

(V CB = 10 Vdc, I E = 0, f = 1 MHz) 

C ob 

■ 

B 

■ 

pF 

Input Capacitance 
( V BE = 2 VdC > 

C ib 

■ 

3.5 

■ 

PF 

Common Base Alpha Cutoff Frequency 
(V CB = 5 Vdc, I c = 10 mAdc) 

f ob 

■ 

300 

■ 

MHz 

Delay + Rise Time 

(I c = 10 mAdc, Ig = 1 mAdc) 

t. + t 
d r 

■ 

55 

75 

ns 

Storage Time 

(Igj = 1.0 mAdc, Igg = . 25 mAdc) 

*s 

■ 

65 

100 

ns 

Fall Time 

(I 01 = 1. 0 mAdc, Ipg = . 25 mAdc) 

*f 

■ 

70 

100 

ns 


STORAGE TIME versus CIRCUIT CURRENT RATIO 


CURRENT GAIN — BANDWIDTH PRODUCT (f T ) 
versus COLLECTOR CURRENT 
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2n706,A,B (SILICON) 

(2N706JAN AVAILABLE) 

2N753 

NPN silicon annular switching transistors for high- 
speed switching applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector- Base Voltage 

V CB 

25 

Volts 

Collector- Emitter Voltage * 

VCER* 

20 

Volts 

Emitter- Base Voltage 2N706 

2N706A 

2N706B 

2N753 

VEB 

3.0 

5.0 

5.0 

5.0 

Volts 

Junction Temperature 

t j 

175 

o C 

Storage Temperature 

T stg 

-65 to +175 

°C 

Total Device Dissipation 
at 25° C Case Temperature 
(Derate 6.67 mW/°C above 25°C) 

PD 

1.0 

Watt 

Total Device Dissipation 
at 25° C Ambient Temperature 
(Derate 2 mW/°C above 25°C) 

Pd 

0.3 

Watt 

Total Device Dissipation 
at 100°C Case Temperature 
(Derate 6.67 mW/°C above 100°C) 

pd 

0.5 

Watt 


* Refers to collector breakdown voltage in the high current region when Rbe = 10ft 
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2N706,A,B,2N753 (continued) 


ELECTRICAL CHARACTERISTICS ( T a = 25°C unless otherwise noted) 


Characteristic 

Type 

Symbol 

Min 

Typ 

Max 

Unit 

Collector Cutoff Current 


! cbo 

1 

0.005 

0.5 

pAdc 

(V CB = 15Vdc, I E = 0) 

All Types 


(V C B = 15vdc > *E = 0. T A = 150 °C) 

(Vcb = 25Vdc » A E = °) 

All Types 
2N706A, 2N706B, 



i 3 -° 

30 

10 


2N753 



- 


Collector- Emitter Cutoff Current 


ICER 

■ 



p Adc 

(V C E = 20V dc, R be = 100k) 

2N706A, 2N706B, 




10 



2N753 





Emitter Cutoff Current 


lEBO 

■ 

mmm 

10 

pAdc 

(Veb - 3Vdc, Ic = 0) 

2N706 




(V E B = 5Vdc, Ic = 0) 

2N706A, 2N706B, 



■ 

10 



2N753 


■ 

■ 



Collector-Emitter Breakdown Voltage * 


bvceo* 




Vdc 

( Ic = 10mAdc,I B = 0) 


15 


“ 


Collector- Emitter Breakdown Voltage* 


bvcer* 


■■■ 

■ ■ 

Vdc 

(R = 10 ohms, Ic = lOmAdc) 



20 




Forward- Current Transfer Ratio* 


hFE* 


mm 



(Ic = lOmAdc, VCE = IVdc) 

2N706 

20 


- 


2N706A, 2N706B, 


20 


60 



2N753 


40 

■ 

120 


Base- Emitter Voltage* 


V be (sat)* 




Vdc 

(Ic = lOmAdc, I B = ImAdc) 

2N706 

- 

0.75 

0.9 



2N706A, 2N706B, 







2N753 


0.7 

0.75 

0.9 


Collector Saturation Voltage* 


V C E ( sa t)* 




Vdc 

(Ic = lOmAdc, I B = ImAdc) 

2N706, 2N706A 



0.3 

0.6 


2N706B 


■ 

0.3 

0.4 



2N753 



0. 18 

0.6 


(Ic = 50mAdc, I B = 5mAdc) 

2N753 


MM 

0.3 

- 


Collector Capacitance 

(vcb = svdc, i£ = o 


Cob 

■ ■ 

wmmmmm 


pF 

2N706A, 2N706B, 

■ ■ 




2N753 




5.0 


(VCB = lOVdc, I E = 0) 

2N706 


HH 

5.0 

6.0 


Small-Signal Forward Current Transfer Ratio 


hfe 





(Vce = 15Vdc, l£ = lOmAdc, 






f = 100 MHz) 



2.0 

4.0 

im 


Current Gain- Bandwidth Product 


■■ 



■ 

MHz 

(VCE = !5Vdc, Ie = lOmAdc, 
f = 100 MHz) 


Hi 

■ 

400 

H 


Base Resistance 


r b 

■1 



ohms 

(Vce = 15Vdc, Ie = lOmAdc, 
f = 300 MHz) 


■ 

39 

50 



Charge Storage Time Constant 


T ** 

mmm 


mm 

ns 


2N706 

S 


16 

■ 



2N706A 



in 

■ 



2N753 



m 

MSI 


Storage Time 

2N706B 

mm 

- 

19 

25 

ns 

Turn-On Time 


ton** 

- 

30 

40 

ns 

Turn-Off Time 


toff** 

- 

50 

75 

ns 


* Pulse Test: PW < 12 ms, Duty Cycle < 2% 

** Switching Times Measured with Tektronix Type R Plug-In (50 ft Internal Impedance) and Circuits Shown Below. 


SWITCHING TIME TEST CIRCUIT STORAGE TIME TEST CIRCUIT MEASUREMENT CIRCUIT 
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2N707, A (SILICON) 


NPN silicon epitaxial mesa transistors for VHF 
oscillator and class C amplifier applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N707 

2N707A 

Unit 

Collector -Emitter Voltage 

v 

V CEO 

- 

40 

Vdc 

Collector -Emitter Voltage 
(R be <10 ohms) 

v 

CER 

28 

- 


Collector -Base Voltage 

V CB 

56 

70 


Emitter -Base Voltage 

V EB 

4.0 

5.0 


Total Device Dissipation @ = 25°C 

P D 

0.3 

0.5 

Watt 

Derate above 25°c 

2.0 

3.33 

mW/°C 

Total Device Dissipation @ T c = 25°C 

P D 

1.0 

1.2 

Watts 

Derate above 25°C 


6.67 

8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J ,T stg 

-65 to +175 

°C 



CASE 22 

(TO- 18) 

Collector connected to case 


3:1 



2 turns #14 wire wound on L 


Note 4 Adjust for proper V, 


CE 


FIGURE 1 -100 MHz, CLASS C, COMMON BASE AMPLIFIER 
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2N707,A (continued) 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


bv ceo 


■j 


Vdc 

a c = 20 mAdc, X Q = 0) 

2N707A 





Collector -Emitter Breakdown Voltage 


bv cer 




Vdc 

(1^ = 10 mAdc, R be = 10 ohms) 

2N707 

28 




Collector-Base Breakdown Voltage 


bv cbo 




Vdc 

ff = 10 fiAdc, I„ = 0) 

2N707 

56 

- 

- 



2N707A 


70 

- 

- 


Emitter-Base Breakdown Voltage 


bv ebo 




Vdc 

(Ig = 100 Mdc, I c = 0) 

2N707A 

5.0 

" 

- 


Collector Cutoff Current 


X CBO 




^Adc 

(V CB = 15 Vdc, I E = 0) 

2N707 

- 

0. 005 

5.0 


(V CB = 15 Vdc, I E =0, T a = 150°C) 

2N707 


- 

3.0 

- 


(V CB = 30 Vdc, I E = 0) 

2N707A 


- 

0.01 

1.0 


(V CB = 30 Vdc, I E = 0, T a = 150°C) 

2N707A 


- 

5.0 

100 


Emitter Cutoff Current 


*EBO 




nAdc 

(V BE =4Vdc, I c = 0) 

2N707 

- 

- 

10 


(V BE - 5 Vdc, I c - 0) 

2N707A 


- 

- 

100 



ON CHARACTERISTICS 


DC Current Gain 

(U = 10 mAdc, v r „ = 1 Vdc) 2N707 

U 2N707A 

h FE 

9.0 

9.0 

12 

50 


Collector Saturation Voltage 
(1^ = 10 mAdc, = 1 mAdc) 

V CE(sat) 

- 

0. 18 

0.6 

Vdc 

Base-Emitter Saturation Voltage 
(1^, = 10 mAdc, Ig = 1 mAdc) 

V BE (sat) 

- 

0. 75 

0.9 

Vdc 


DYNAMIC CHARACTERISTICS 


Current -Gain — Bandwidth Product 
a E = 15 mAdc, V CE = 10 Vdc) 

f T 

70 

350 

- 

MHz 

Maximum Frequency of Oscillation 

f 

max 

- 

600 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I E = 0) 

2N707 

C ob 

_ 

4.0 

10. 0 

PF 

(V CB = 5 Vdc > I E = 0) 

2N707A 


- 

4.0 

6.0 


Collector -Base Time Constant 

a c = 10 mAdc, V CB = 10 Vdc, f = 4 MHz) 

o-T. 

o 

o 

- 

80 

- 

PS 


FUNCTIONAL TEST 


Power Output (Figure 1) 

(V^„ = 20 Vdc, P. = 50 mW) All Types 

( V CE = 40 vdc » p in = 175 mW ) 2N707A 

P . 
out 

200 

400 

300 

- 

mW 

100-MHz Oscillator Efficiency 
(V CE = 28 Vdc, I c = 40 mAdc) 

V 

- 

38 

- 

% 


n) Pulse Test: Pulse Width ^300 ms. Duty Cycle ^2.0%. 
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2n708 (SILICON) 

2N 708 NPN silicon annular transistor for high-speed switch- 

JAN, JTX AVAl LABLE i n g applications. 


CASE 22 

(TO-18) 

Collector 
connected to case 


ELECTRICAL CHARACTERISTICS (T a = 25 *C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit | 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I c = 30 mAdc, I B = 0) 

bv ceo 

15 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(I c = 30 mAdc, R be ^ 10 ohms) 

bv cer 

20 

- 

■ 

Vdc 

* Collector -Base Breakdown Voltage 
(I c = 1.0 MAdc, I E =0) 

bv cbo 

40 

- 

■ 

Vdc 

* Emitter- Base Breakdown Voltage 
(I E = 10 MAdc, I c = 0) 

bv ebo 

5.0 

- 

■ 

Vdc 

+ Collector Cutoff Current 

( V Ce = 20 Vdc, V BE = 0.25 Vdc, T A = +125°C) 

*CEX 

- 

- 



* Collector Cutoff Current 
(V CB = 20 Vdc, I E =0) 

X C BO 

■ 

0.005 

0.025 

MAdc 

(V CB = 20 Vdc, I E =0, T A = 150°C) 


1 

- 

15 


Emitter Cutoff Current 
(V BE =4.0 Vdc, I c =0) 

^BO 

- 

- 

0.08 

MAdc 


ON CHARACTERISTICS 


♦DC Current Gain 

(I c =0.5 mAdc, V CE = 1.0 Vdc) 

h FE 



_ 

- 

(I c = 10 mAdc, V CE =1.0 Vdc) (Note 1) 



1 2 

120 


(I c = 10 mAdc, V CE = 1.0 Vdc, T A = -55°C)(Note 1) 




- 


♦Collector-Emitter Saturation Voltage 
(1^, = 10 mAdc, I B = 1.0 mAdc) 

V CE(sat) 

8 

0.2 

0.4 


(I c =7.0 mAdc, I B = 0. 7 mAdc, T A = -55°C to +125°C) 


■ 

- 

0.4 


♦Base-Emitter Saturation Voltage 
(I c = 10 mAdc, I fi = 1. 0 mAdc) 



- 

0.80 

Vdc 

(I c =7.0 mAdc, Ig = 0. 7 mAdc, T A = -55°C) 



- 




DYNAMIC CHARACTERISTICS 


+ + Current- Gain— Bandwidth Product 

(I c = 10 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

300 

450 

■ 

MHz 

Output Capacitance 

(V CB = 10 Vdc, I E = 0, 100 kHz i f S 1.0 MHz) 

C ob 

- 

3.0 

6.0 

pF 

♦Extrinsic Base Resistance 

(I c = 10 mAdc, V CE = 10 Vdc, f = 300 MHz) 

r b 

- 

- 

50 

ohms 

♦Storage Time 

(I C ‘ ‘El = l B2 • 10 mAdc > 

*s 

- 

15 

25 

ns 


♦Indicates JEDEC Registered Data, 
t JEDEC Registration Defined as V CB = 20 Vdc. 
ft JEDEC Registration Defined as hf e . 

Note 1: Pulse Test: Pulse Width < 300 n s, Duty Cycle < 2.0%. 


"MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

15 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Total Device Dissipation @ T/^ = 25°C 

P D 

360 

mW 

Derate above 25°C 


2.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

p D 

1.2 

Watts 

T C = 100°C 


680 

mW 

Derate above 25°C 


6.9 

mW/°C 

Derate above 1 00°C 


6.9 

mW/°C 

Operating and Storage Junction Temperature Range 

T J< T stg 

-65 to +200 

°C 


* Indicates JEDEC Registered Data. 
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2n711,A,B (GERMANIUM) 


PNP germanium mesa transistors for high-speed 
switching applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N711 

2N711A 

2N711B 

Unit 

Collector-Base Voltage 

V CB 

12 

15 

18 

Vdc 

Collector- Emitter Voltage 

V CES 

12 

14 

15 

Vdc 

Collector-Emitter Voltage 

V CEO 

— 

7.0 

7.0 

Vdc 

Emitter-Base Voltage 

V EB 

1.0 

1.5 

2.0 

Vdc 

Collector Current (Continuous) 

ic 

50 

100 

100 

mAdc 

Emitter Current (Continuous) 

I E 

50 

100 

100 

mAdc 

Junction Temperature 

mm 

◄ 100 

°c 

Storage Temperature 

T stg 

65 to +100 — 

°c 

Device Dissipation @ T c = 25°C 

Derate above 25°C 

B 


mW 

mW/°C 

Device Dissipation @ T A = 25°C 

Derate above 25°C 

B 

150 ► 

2.0 ► 

mW 

mW/°C 


CASE 22 

(TO-18) 
Collector 
connected to case 
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2N71 1 ,A,B (continued) 

ELECTRICAL CHARACTERISTICS < T A = 25°C unless otherwise noted) 


Characteristic 

Sym 

Min 

Typ 

Max 

Unit 

Collector- Base Breakdown Voltage 


bv cbo 




VdC 

(Ic = 100 n Adc, I E = 0) 

2N711 

12 







2N711A 


15 

— 

— 


(IC = 20 MAdc, I E = 0) 

2N711B 


18 

— 

— 


Collector- Emitter Breakdown Voltage 


BV CES 




Vdc 

(Ic = 100 pAdc) 

2N711 

12 







2N711A 


14 

— 

— 


(Ic = 20 /j Adc) 

2N711B 


15 

— 

— 


Collector- Emitter Breakdown Voltage 


bv ceo 




Vdc 

(Ic = 5 mAdc, Ig = 0) 

2N711A, 2N711B 

7.0 

— 

— 


Emitter-Base Breakdown Voltage 


bv ebo 




Vdc 

(I E = 0.1 mAdc, Ic = 0) 

2N711 

1.0 

— 





2N711A 


1.5 

— 

— 



2N711B 


2.0 

— 

— 


Collector-Base Cuto£f Current 


*CBO 


■H 

Hi 

/iAdc 

(V C B = 5 Vdc, I E = 0) 

2N711 


■ 

■ 


2N711A 


■ 




.(V CB » 10 Vdc, I E = 0) 

2N711B 



1 

mm 


Emitter-Base Cutoff Current 


! ebo 




H Adc 

(V EB = 1 Vdc) 

2N711A 

■ — 

— 

100 



2N711B 


— 

— 

20 


DC Current Gain 


h FE 





(I c = 10 mAdc, V C £ * 0.5 Vdc) 

2N711 

20 

30 





2N711A 


25 

— 

150 



2N711B 


30 

— 

150 


(IC = 50 mAdc, V CE = 0.7 Vdc) 

2N711A, 2N711B 


40 

— 

— 


Collector Saturation Voltage 


v CE(sat) 




Vdc 

(Iq = 10 mAdc, Ig = 0.5 mAdc) 

2N711 

— 

0.2 

0.5 



2N711A 


— 

— 

0.30 


(Ic = 10 mAdc, Ig = 0.4 mAdc) 

2N711B 


— 


0.25 


(Ic = 50 mAdc, Ig = 2 mAdc) 

2N711A 






0.55 



2N711B 


— 

— 

0.45 


Small-Signal Current Gain 


D 





(IC = 10 mAdc, V CE = 5 Vdc, f = 100 MHz) 

2N711A, 2N711B 

1.5 

— 

— 


(IC = 10 mAdc, V CE = 0.5 Vdc, f = 100 MHz) 

2N711A 


1.1 







2N711B 

■ 

1.2 

— 

— 


Base- Emitter Voltage 


V BE 




Vdc 

(Ic = 10 mAdc, Ig * 0.4 mAdc) 

2N711, 2N711A 

0.30 

0.38 

0.44 



2N711B 


0.30 

— 

0.44 


(Ic = 50 mAdc, Ig * 2 mAdc) 

2N711A 


0.40 



0.65 



2N711B 


0.40 

— 



Collector Output Capacitance 


c ob 




pF 

< V CB = 5 Vdc » X E = °> f = 1 MHz) 

2N711A, 2N711B 

— 

— 

6.0 


(V CB = 10 Vdc, I E = 0, f = 1 MHz) 

2N711 


- 

5.0 

. ~ 


Fall Time 






ns 

Figure 1: -j 

r 2N711A 

L 2N711B 

n 





150 

110 



f 2N711A 


— 

— 

110 


Figure 2: - 

2N711B 


— 

— 

100 



[ 2N711 

1 

— 

90 

150 


Minority Carrier Storage Time 


ts 




ns 

Figure 1: -j 

r 2N711A 

L 2N711B 






150 

140 



f 2N711A 




— 

120 


Figure 2: ■ 

2N711B 


— 

— 

100 



[ 2N711 


— 

90 

200 


Delay Plus Rise Time 






ns 

Figure 1: -1 

r 2N711A, 2N711B 


— 

— 

100 


Figure 2: -j 

r 2N711A, 2N711B 

■ 

— 



75 


L 2N711 

HI 

— 

70 

100 
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2N71 1,A,B (continued) 


SWITCHING CIRCUITS 


FIGURE 1 


INPUT 

HEWLETT-PACKARD 
MODEL 212A 
PULSE GEN. 




3.57K 



« 

V2J 

: sun i 

.01 mF i 

j 

17.8K 

3 V 

u_ 

12 Vdc 

u 

• NOTE : Al 

1.02 K < 

.01 uF 

\ , 

L RESISTORS : 

14220 


FIGURE 2 


-3.5 Vdc 



COLLECTOR SATURATION VOLTAGE 
versus AMBIENT TEMPERATURE 



-60 -40 —20 0 +20 +40 +60 +80 +100 


Ta. AMBIENT TEMPERATURE (°C) 


COLLECTOR SATURATION VOLTAGE 
STORAGE TIME versus CIRCUIT CURRENT RATIO 



NORMALIZED DC CURRENT GAIN 



0.1 0.5 1.0 2.0 5.0 10.0 20.0 50.0 100.0 

l c . COLLECTOR CURRENT ImA) 


STORAGE TIME versus 
CIRCUIT CURRENT RATIO 
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2N 7 11 (SILICON) 

2N1420 

\ NPN silicon annular Star transistors for medium- 
current switching and amplifier applications. 

2N718 2N1420 

CASE 22 CASE 31 

(TO- 18) (TO-5) 

Collector connected to case 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

60 

Vdc 

Collector- Emitter Voltage 

V CER 



Vdc 

2N718 

40 


2N1420 


30 


Emitter-Base Voltage 

V EB 

5 . 

0 

Vdc 



2N1420 

2N718 




TO-5 

TO- 18 


Total Device Dissipation at 





25°C Case Temperature 

P D 

3.0 

1.5 

Watts 

Derating Factor Above 25°C 

20 

10 

mW/°C 

Total Device Dissipation at 


■IB 



25°C Ambient Temperatures 

P D 


0.4 

Watts 

Derating Factor Above 25°C 


wBm 

2.66 

mW/°C 

Junction Temperature 

t j 

+ 175 

°C 

Storage Temperature range 

T stg 

-65 to + 200 

°C 



ELECTRICAL CHARACTERISTICS (Tc = 25°c unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector Cutoff Current 

*CBO 




jiAdc 

(V C B = 30 Vdc, I E = 0) 

— 

.001 

1.0 

(VCB = 30 Vdc, I E = 0, T A = 150°C) 


— 

- 

100 


Collector- Base Breakdown Voltage 

BV CBO 




Vdc 

(IC = 100 ti Adc, I E = 0) 

60 

- 

- 


Collector- Emitter Breakdown Voltage 

bv cer 




Vdc 

(IC = 100 mAdc, pulsed; Rg = 10 Ohms) 





2N718 


40 

- 

— 


2N1420 


30 

- 

- 


Collector- Emitter Saturation Voltage (1) 

V CE(sat) 




Vdc 

(IC = 150 mAdc, Ig = 15 mAdc) 

— 

0.3 

1.5 


Base-Emitter Saturation Voltage 111 

V BE(sat) 




Vdc 

(IC =150 mAdc, Ig = 15 mAdc) 

— 

— 

1.3 



m Pulse Test: PW £ 300 jjl s, Duty Cycle S 2 % 
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2N718, 2N1420 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

DC Forward Current Transfer Ratio (1) 

h FE 





(I C = 1 mAdc, V CE = 10 Vdc) 






2N718 


— 

20 

— 


(Ic = 150 mAdc, V CE = 10 Vdc) 

2N1420 



35 

. — 


2N718 


40 

— 

120 


(I c = 500 mAdc, V CE = 10 Vdc) 

2N1420 


100 

— 

300 


2N718 


— 

20 

— 



2N1420 


— 

35 

- 


1 Small Signal Forward Current Transfer Ratio 

h fe 





(I c = 50 mAdc, V CE = 10 Vdc, f 

= 20 MHz ) 

2.5 

15 

- 


Output Capacitance 


C ob 

— 



PF 

(Vcb = Vdc, Ie = 0) 


B 

5.0 

35 


0> Pulse Test: PW g 300 /is, Duty Cycle S 2% 
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2N718A (SILICON) 

2N7I8A JAN, JTX AVAILABLE 

2N956 

2N1613 

2N1613 JAN AVAILABLE 



CASE 22 CASE 31 

(TO- 18) (TO-5) 

2N718A 2N1613 

2N956 2N1711 

Collector connected to case 


NPN silicon annular Star transistors for high-speed 
switching and DC to UHF amplifier applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N718A 

2N956 



Collector-Emitter Voltage 

V CER 

50 

Vdc 

Collector- Base Voltage 

V CB 

75 

Vdc 

Emitter- Base Voltage 

V EB 

7. 

0 

Vdc 

Total Device Dissipation @ T A = 25°C 

P D 

500 

800 

mW 

Derate above 25°C 


2.86 

4.57 

mW/°C 

Total Device Dissipation @ T^ = 25°C 

P D 



Watts 

Derate above 25°C 




mW/°C 

Operating and Storage Junction Temperature Range 

T J’ T stg 

-65 to +200 

°C 
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2N718A, 2N956, 2N1613, 2N1711 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector -Emitter Breakdown Voltage 
(1^. = 100 mAdc, pulsed; R 0E ^ 10 ohms) 

bv cer 

50 

- 

_ 

Vdc 

Collector- Base Breakdown Voltage 
(I c = 100 juAdc, I E = 0) 

bv cbo 

75 

- 

- 

Vdc 

Emitter -Base Breakdown Voltage 
(I E = 100 |uAdc, I c = 0) 

bv ebo 

7.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB - 60 Vdc, I E - 0) 


^BO 

_ 

0.001 

0.01 

pAdc 

(V CB = 60 Vdc, I E = 0, T a = 150°C) 



- 

- 

10 


Emitter Cutoff Current 
<V BE = 5.0 Vdc, I c = 0) 

2N718A, 2N1613 
2N956, 2N1711 

J EBO 

- 

- 

0.010 

0.005 

juAdc 


ON CHARACTERISTICS 


DC Current Gain 


h FE 




_ 

(I c = 0.01 mAdc, V CE = 10 Vdc) 

2N956, 2N1711 

20 

- 

- 


(I c = 0. 1 mAdc, V CE = 10 Vdc) 

2N718A, 2N1613 


20 

- 

- 


2N956, 2N1711 


35 

- 

- 


(I c = 10 mAdc, V CE = 10 Vdc) 

2N718A, 2N1613 


35 

- 

- 


2N956, 2N1711 


75 

- 

- 


(I c = 10 mAdc, V CE = 10 Vdc, T A = -55°C) 

2N718A, 2N1613 


20 

- 

- 


2N956, 2N1711 


35 

- 

- 


(I c = 150 mAdc, V CE = 10 Vdc)* 

2N718A, 2N1613 


40 

- 

120 


2N956, 2N1711 


100 

- 

300 


(I c = 500 mAdc, V CE = 10 Vdc)* 

2N718A, 2N1613 


20 

- 

- 


2N956, 2N1711 


40 

- 

- 


Collector-Emitter Saturation Voltage 1 (11 


V CE(sat) 




Vdc 

(1^ = 150 mAdc, I R = 15 mAdc) 


- 

0.24 

1.5 


Base-Emitter Saturation Voltage 


V BE(sat) 




Vdc 

(1^ = 150 mAdc, Ig = 15 mAdc) 


- 

1.0 

1.3 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 


f T 




MHz 

(I c = 50 mAdc, V CE = 10 Vdc, f = 20 MHz) 

2N718A, 2N1613 


60 

300 

- 


2N956, 2N1711 


70 

300 



Output Capacitance 


C ob 


. 


pF 

( V CB = 10 vdc > 1 e = °» f = 100 kHz ) 


- 

4.0 

25 


Input Capacitance 


c ib 




pF 

(V be = 0. 5 Vdc, I c = 0, f = 100 kHz) 


- 

20 

80 


Input Impedance 


h ib 




ohms 

(I c =1.0 mAdc, V CB = 5. 0 Vdc, f = 1. 0 kHz) 


24 

- 

34 


(I c =5.0 mAdc, V CB = 10 Vdc, f = 1. 0 kHz) 



4.0 

- 

8.0 


Voltage Feedback Ratio 


h rb 




X 10“ 4 

(I c -1.0 mAdc, V CB = 5.0 Vdc, f = 1. 0 kHz) 

2N718A, 2N1613 

- 

- 

3.0 


2N956, 2N1711 


- 

- 

5.0 


(I c =5.0 mAdc, V CB = 10 Vdc, f = 1. 0 kHz) 

2N718A, 2N1613 


- 

- 

3.0 


2N956, 2N1711 


- 

- 

5.0 


Small-Signal Current Gain 


h fe 




- 

(I c =1.0 mAdc, V CE =5.0 Vdc, f = 1. 0 kHz) 

2N718A, 2N1613 , 

30 

- 

100 


2N956, 2N1711 


50 

- 

200 


(I c =5.0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

2N718A, 2N1613 


35 

- 

150 


2N956, 2N1711 


70 

- 

300 


Output Admittance 


h ob 




pmho 

(I c =1.0 mAdc, V CB = 5. 0 Vdc, f = 1.0 kHz) 


0.1 

- 

0.5 


(I c = 5.0 mAdc, V CB = 10 Vdc, f = 1.0 kHz) 



0.1 

- 

1.0 


Noise Figure 


NF 




dB 

(I c = 300 pAdc, V CE = 10 Vdc, f = 1.0 kHz) 

2N718A, 2N1613 


- 

- 

12 


2N956, 2N1711 


- 

- 

8.0 



HI Pulse Test: Pulse Width ^ 300 ps, Duty Cycle S 2.0%. 
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2n720A (SILICON) 



NPN silicon annular transistor designed for small- 
signal amplifier and general purpose switching appli- 
cations. 


CASE 22 

(TO-18) 

Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEO 

80 

Vdc 

Collector-Emitter Voltage 

v 

V CER 

100 

Vdc 

Collector-Base Voltage 

V 

V CB 

120 

Vdc 

Emitter-Base Voltage 

V EB 

7.0 

Vdc 

Total Device Dissipation @ = 25°C 

P D 

0.5 

Watt 

Derate above 25°C 


2.86 

mW/°C 

Total Device Dissipation @ T^ = 25°C 

P D 

1.8 

Watts 

Derate above 25°C 


10.3 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

e jc 

97 

°c/w 
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2N720A (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25 °C unless otherwise noted) 


Characteristic 

Symbol 


Max 

Unit 

OFF CHARACTERISTICS 

Collector -Emitter Sustaining Voltage W 
(I c = 30 mAdc, I fi = 0) 

BV 

V CEO(sus) 

80 

L . 

- 

Vdc 

Collector-Emitter Sustaining Voltage HI 
(1^ = 100 mAdc, Rg E = 10 ohms) 

BV 

v CER(sus) 


- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 100 pAdc, I E = 0) 

bv cbo 


- - 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 100 MAdc, I c = 0) 

bv ebo 

7.0 

> 


Collector Cutoff Current 
(V CB = 90 Vdc, I E = 0) 

! cbo 

- 


mrngm 

(V CB = 90 Vdc, I £ = 0, T a = 150° C) 


- 


HI 

Emitter Cutoff Current 
(V BE =5.0 Vdc, I c =0) 


- 

.010 

pAdc 


ON CHARACTERISTICS 


DC Current Gain 
(I c = 0. 1 mAdc, V CE = 10 Vdc) 


20 



(I c = 10 mAdc, V CE = 10 Vdc)* 


35 

- 


(I c = 10 mAdc, V CE = 10 Vdc, T A = -55° C) 


20 

- 


(I c = 150 mAdc, V CE = 10 Vdc)* 


40 

120 


Collector-Emitter Saturation Voltage O) 

(I c = 50 mAdc, I B = 5. 0 mAdc) 

V CE(sat) 


1.2 

Vdc 

(I c = 150 mAdc, I B = 15 mAdc) 


- 

5.0 


Base-Emitter Saturation Voltage (11 
(I c = 50 mAdc, I B = 5. 0 mAdc) 

V BE(sat) 

_ 

0.9 

Vdc 

(I c = 150 mAdc, I B = 15 mAdc) 


- 

1.3 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(I c = 50 mAdc, V C£ = 10 Vdc, f = 20 MHz) 

f T 

50 


MHz 



Output Capacitance 
(V CB = 10 Vdc, I £ = 0, f = 100 kHz) 

C ob 


15 

pF 

Input Capacitance 

(VgE = 0. 5 Vdc, I c = 0, f = 100 kHz) 

c lb 

- 

85 

pF 

Input Impedance 

(I c = 1.0 mAdc, V CB =5.0 Vdc, f = 1. 0 kHz) 

h ib 

20 

30 

Ohms 

(1^ =5.0 mAdc, V^ D = 10 Vdc, f = 1. 0 kHz) 

L, L/Jd 


4.0 

8.0 


Voltage Feedback Ratio 
(I„ = 1.0 mAdc, V OD =5.0 Vdc, f = 1. 0 kHz) 

C Id 

h . 
rb 


1. 25 

X 10“ 4 

(I„ = 5. 0 mAdc, V^ tt = 10 Vdc, f = 1. 0 kHz) 


- 

1.50 


Small -Signal Current Gain 
(U = 1.0 mAdc, V^„ = 5. 0 Vdc, f = 1. 0 kHz) 

L US 

h. 

fe 

30 

100 

- 

(I„ = 1. 0 mAdc, V„ = 10 Vdc, f = 1. 0 kHz) 

L US 


45 



Output Admittance 

(I c = 1. 0 mAdc, V CB = 5. 0 Vdc, f = 1. 0 kHz) 

h 

ob 


0.5 

jumhos 

(1^ = 5. 0 mAdc, V__ = 10 Vdc, f = 1. 0 kHz) 

C Cd 


- 

0. 5 



(1) pulse Test: Pulse Width i 300 ps , Duty Cycle § 2.0%. 
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2N721 (SILICON) 



CASE 22 

(TO-lfi) 

Collector connected to case 


PNP silicon annular transistor for high-frequency 
general-purpose amplifier applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

CEO 

35 

Vdc 

Collector-Emitter Voltage 

V CER 

50 

Vdc 

Collector - Base Voltage 

V CB 

50 

Vdc 

Emitter - Base Voltage 

V EB 

5.0 

Vdc 

Total Device Dissipation @ T^=25°C 

P D 


Watts 

(Derate above 25°C) 


2.67 

mW/°C 

Total Device Dissipation @ T ( _,=25°C 

P D 

1.5 

Watts 

T C =100°C 


0.75 


(Derate above 25°C) 


10 

mW/°C 

Operating & Storage Junction 
Temperature Range 

T j- T s tg 

-65 to +200 

m 
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2N721 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25*C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage* 




Vdc 

(I c =100 mAdc, I B = 0) 

35 

- 


Collector-Emitter Sustaining Voltage* 

BV CER(sus)* 



Vdc 

(I c = 100 mAdc, R be ^ 100 ohms) 

50 

- 


Collector -Base Breakdown Voltage 

bv cbo 



Vdc 

(I c = 100 /iAdc, Ig = 0) 



- 


Collector Cutoff Current 

! cbo 



juAdc 

(V CB = 30 Vdc, Ig = 0) 

- 

1.0 


(V CB = 30 Vdc, Ig = 0, T A = 150°C) 


* 

100 


Emitter Cutoff Current 

J EBO 

w— 


pAdc 

(V BE =2.0Vdc, I c = 0) 

■ 

100 



ON CHARACTERISTICS 


DC Current Gain* 

(I c = 150 mAdc, V CE = 10 Vdc) 

(I c = 5. 0 mAdc, V CE = 10 Vdc) 

h FE* 

20 

15 

45 

- 

Collector-Emitter Saturation Voltage 
(I- = 150 mAdc, I D = 15 mAdc) 

L o 

V CE(sat) 

■ 

1.5 

Vdc 

Base- Emitter Saturation Voltage 
(I^ = 150 mAdc, Ig = 15 mAdc) 

V BE(sat) 

■ 

1.3 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current- Gain — Bandwidth Product 

(I c = 50 mAdc, V CE = 10 Vdc, f = 20 MHz) 

f T 

50 

- 

MHz 

Output Capacitance 

C ob 



pF 

(V CB = 10 Vdc, Ig = 0, f = 100 kHz) 


■ 

45 


Input Capacitance 

c tb 

TW 1 


pF 

(V BE = 0. 5 Vdc, I c = 0) 


1 

100 


Input Impedance 

h tb 



ohms 

(I c =1.0 mAdc, V CB = 5. 0 Vdc, f = 1. 0 kHz) 


25 

35 


(I c = 5. 0 mAdc, V CB = 10 Vdc, f = 1. 0 kHz) 


- 

10 


Voltage Feedback Ratio 

\b 

■ 



(I c = 1. 0 mAdc, V CB = 5. 0 Vdc, f = 1. 0 kHz) 



I 1 

X10" 4 

(I c = 5. 0 mAdc, V CB = 10 Vdc, f = 1. 0 kHz) 


HI 

MM 


Small Signal Current Gain 

h fe 




(I c = 1. 0 mAdc, V CE = 5. 0 Vdc, f = 1. 0 kHz) 



50 


(I c = 5. 0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 



- 


Output Admittance 

h ob 



/i mhos 

(I c =1.0 mAdc, V CB = 5. 0 Vdc, f = 1. 0 kHz) 



1.0 


(I c =5.0 mAdc, V CB = 10 Vdc, f = 1 . 0 kHz) 


H 

5.0 



* Pulse Test: Pulse Width = 300 jms; Duty Cycle = 1. 0% 


2-84 



































































2n722 (SILICON) 

(2N 1 132 JAN A VAI LAB LE) 

2N1132 

2N1132A 

2N2303 


PNP SILICON 
SWITCHING 
TRANSISTORS 



Rating 

Symbol 

2N722 

2N1132 

2N1132A 

2N2303 

Unit 

Collector-Emitter Voltage 

v 

v CEO 

35 

35 

40 

35 

Vdc 

Collector -Emitter Voltage 

v cE r 





Vdc 

(R be * 10 Ohms) 


50 

50 

50 

50 


Collector-Base Voltage 

V CB 

50 

50 

60 

50 

Vdc 

Emitter-Base Voltage 

V EB 


5.0 

5.0 

5.0 


Collector Current 

*C 

- 

- 

600 



Total Device Dissipation @T A = 25° C 

P D 

400 

600 

600 

600 

mW 

Derate above 25® C 


2.67 

4.0 

4.0 

4.0 

mW/°C 

Total Device Dissipation @T r =25° C 

P D 



m 



Derate above 25° C 







Operating Junction Temperature 

T J 




mm 

Range 







Storage Temperature Range 


65 to +300 ► 





TO-18 OUTLINE 

(Collector internally connected to case) 
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2N722, 2N1132, 2N1132A, 2N2303 (continued) 


ELECTRICAL CHARACTERISTICS (T* = 25’C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 1 (1) 

(I- = 100 mAdc, I n * 0) 

t D 

2N722, 2N1132, 2N2303 
2N1132A 

bv ceo 

35 

40 

- 

Vdc 

Collector -Emitter Breakdown Voltage M 
(I^ * 100 mAdc, R BE i 10 Ohms) 

bv cer 

50 

- 

Vdc 

Collector -Base Breakdown Voltage 
(I c - 100 juAdc, I E = 0) 

2N722, 2N1132, 2N2303 
2N1132A 

bv cbo 

50 

60 

■ 

Vdc 

Emitter -Base Breakdown Voltage 
(I fi = 100 /iAdc, l c = 0) 

2N722, 2N1132, 2N2303 

bv ebo 


■ 

Vdc 

(I E = 1.0 mAdc, I c - 0) 

2N1132A 



■ 


Collector Cutoff Current 
(V CB = 30 Vdc, I E = 0) 

2N722, 2N1132, 2N2303 

X CBO 

_ 

1.0 

juAdc 

(V cfi = 30 Vdc, I E = 0, T A = 150° C) 

2N722, 2N1132, 2N2303 


- ■ 

100 


(V cfi - 50 Vdc, I E = 0) 

2N1132A 


- 

0.5 


(V CB = 50 Vdc, I E * 0, T a = 150° C) 

2N1132A 


- 



Emitter Cutoff Current 
(V Bfi =5.0 Vdc, I c =0) 

2N1132A 

X EBO 


100 

JLtAdC 

(V BE =2.0 Vdc, I c = 0) 

2N2303 


- 

100 



ON CHARACTERISTICS 


DC Current Gain 

OU - 5.0 mAdc, V„„ = 10 Vdc) 2N722, 2N1132, 2N1132A 

0 2N2303 

OU - 150 mAdc, y nt , = 10 Vdc) 2N722, 2N1132, 2N1132A 

C CE 2N2303 

h FE 

25 

75 

30 

75 

■ 


Collector-Emitter Saturation Voltage 
(I c » 150 rtiAdc, I fi = 15 mAdc) 

V CE(sat) 

- 


Vdc 

Base-Emitter Saturation Voltage 
(I c * 150 mAdc, I B = 15 mAdc) 

V BE(sat) 

- 

1.3 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 



Current-Gain- Bandwidth Product 
(I c = 50 mAdc, V CE = 10 Vdc, f = 20 MHz) 


Output Capacitance 

(V CB * 10 Vdc » 1 E " °» f = 100 kHZ ) 

(V CB = 10 Vdc, I E =0, f = 1.0 MHz) 

Input Capacitance 

(V BE * 0. 5 Vdc, I c * 0, f <= 100 kHz) 

Input Resistance 

(I c = 1. 0 mAdc, V cfi * 5. 0 Vdc, f = 1. 0 kHz) 
(I c = 5.0 ittAdc, V Cfi = 10 Vdc, f = 1. 0 kHz) 


2N722, 2N1132, 2N2303 
2N1132A 


Voltage Feedback Ratio 
(I c * 1. 0 Ade, V CE = 5. 0 Vdc, f = 1. 0 kHz) 


(I c =5.0 mAdc* V CE = 10 Vdc, f = 1.0 kHz) 


Small -Signal Current Gain 
(I c = 1. 0 mAdc, V CE - 5. 0 Vdc, f * 1. 0 kHz) 

2N722, 2N1132 

2N1132A 

2N2303 

(I c « 5. 0 mAdc, V CE *5. 0 Vdc, f*1.0 kHz) 

2N722, 2N1132, 2N1132A 
2N2303 

Output Admittance 

(I c = 1.0 mAdc, V CE * 5. 0 Vdc, f = 1. 0 kHz) 


(I c * 5. 0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

i ' , . . 



( 1 > 


Pulse Test: Pulse Width s 300 /is, Duty Cycle s 2. 0%. 
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2 


(SILICON) 


n726 

2n727 


PNP SILICON ANNULAR TRANSISTORS 


. . . designed for general purpose audio amplifier applications. 


• Collector-Emitter Breakdown Voltage - 

BVcEO = 20 Vdc (Min) @ Iq = 10 mAdc 

• Low Output Capacitance — 

C 0 b = 5.0 pF (Max) @ Vqb - 5.0 Vdc 


PNP SILICON 
AMPLIFIER 
TRANSISTORS 


"MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

20 

Vdc 

Collector-Base Voltage 

V CB 

25 

Vdc 

Emitter-Base Voltage 

V E B 

5.0 

Vdc 

Collector Current — Continuous 

•c 

50 

mAdc 

Total Device Dissipation @T/\ = 25°C 

Pd 

300 

mW 

Derate above 25°C 


2.0 

mW/°C 

Total Device Dissipation @Tc - 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


6.67 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj,T s tg 

-65 to +200 

o c 

* Indicates JEDEC Registered Data 






L 


MIN 


Pin 1. Emitter 

2. Base 

3. Collector 


-H — - o.ioo 



Collector Connected to Case 
CASE 22 (1) 

(TO-18) 
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2N726, 2N727 (continued) 


"ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic | Symbol [ Min 1 Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 

(lc = 10 mAdc, l B = 0) 

bvceo 

20 

- 

Vdc 

Collector Cutoff Current 
(Vce = 15 Vdc, lg = 0) 

•CEO 

- 

5.0 

/^Adc 

Collector Cutoff Current 
(V C b = 25 Vdc, l E = 0) 

! CBO 


1.0 

/nAdc 

(V CB = 25 Vdc, l E = 0, T A = 150°C) 



25 


Emitter Cutoff Current 
(V EB = 5.0 Vdc, l c = 0) 

*EBO 

- 

0.5 

pAdc 


ON CHARACTERISTICS 


DC Current Gain(1 ) 

(lc= 10mAdc, Vq E = 10 Vdc) 2N726 

2N727 

(lc= lOmAdc, Vqe “ 10 Vdc, 2N726 

T a = -55°C) 2N727 

h FE 

15 

30 

6.0 

12 

45 

120 


Collector-Emitter Saturation Voltage 
dc = 10 mAdc, l B = 1.0 mAdc) 

v CE(sat) 

- 

0.6 

Vdc 

Base-Emitter Saturation Voltage 
(lc = 10 mAdc, l B = 1.0 mAdc) 

v BE(sat) 

- 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Cu rrent-Gain —Band width Product (2) 

(l C =10mAdc, V CE - 10 Vdc, f = 100 MHz) 

<T 

140 

- 

MHz 

Output Capacitance 
( Vcb = 5-0 Vdc, 1 E = 0, f = 1 .0 MHz) 

c ob 

- 

5.0 

PF 

Small-Signal Current Gain 
(lc= 10 mAdc, Vq E = 10 Vdc, 2N726 

f= 1.0 kHz) 2N727 

h fe 

15 

30 

90 

240 

— 


/indicates JE DEC Registered Data. 

d )pulse Jest: Pulse Width = 300 ns. Duty Cycle< 2.0%. 

is defined as the frequency at which |hf e | extrapolates to unity. 
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2n731 (SILICON) 



CASE 22 

(TO- 18) 


Collector electrically 
connected to case 


NPN silicon transistor designed primarily for medium- 
power audio-frequency applications in industrial service. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 
(R BE - S 10 ohms) 

v 

V CER 

40 

Vdc 

Collector -Base Voltage 

V CB 

60 

Vdc 

Emitter -Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

! c 

1.0 

Adc 

Total Device Dissipation @T^ = 25° C 

P D 

0.5 

Watt 

Derate above 25° C 


3.33 

mW/°C 

Total Device Dissipation @T^ = 25° C 

P D 

1.5 

Watts 

Derate above 25° C 


10 

mW/°C 

Operating Junction Temperature 

T J 

+175 

°c 

Storage Temperature Range 

T Stg 

-65 to +200 

°c 


ELECTRICAL CHARACTERISTICS (T A = 25*C unless otherwise noted) 


Characteristic 

Symbol 



Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (iv 

bv cer 



Vdc 

(I_ = 100 mAdc, = 10 ohms) 

t DEj 

40 

- 


Collector-Base Breakdown Voltage 

bv cbo 



Vdc 

(I c = 100 /i Adc, I E = 0) 

60 

■ 


Emitter-Base Breakdown Voltage 

bv ebo 



Vdc 

(Ig = 100 M Adc, I c = 0) 

5.0 

- 


Collector Cutoff Current 

! cbo 



MAdc 

(V CB = 30 Vdc, I E =0) 

- 

1.0 


(V CB = 30 Vdc, I £ = 0, T A = 150° C) 


- 

100 



ON CHARACTERISTICS 


DC Current Gain 

(I_ =150 mAdc, V„„ = 10 Vdc) 
t US 

h FE 

40 

120 

■ 

Collector-Emitter Saturation Voltage (1) 

(I c = 150 mAdc, I B = 15 mAdc) 

V CE(sat) 

- 

1.5 

Vdc 

Base-Emitter Saturation Voltage H) 

(1^ = 150 mAdc, Ig = 15 mAdc) 

V BE(sat) 

- 

1.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c = 50 mAdc, V CE = 10 Vdc, f = 20 MHz) 

f T 

25 

- 

MHz 

Output Capacitance 
( V Cb = 10 Vdc » I E = 0, f = 1. 0 MHz) 

C ob 

- 

35 

pF 

Input Capacitance 

(V nT? = 0. 5 Vdc, I- = 0, f = 1. 0 MHz) 

DEj L 

c ib 

- 

80 

pF 


(1): Pulse Test: Pulse Width = 300 /is, Duty Cycle = 2. 0%. 
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2n735 (SILICON) 
2n736 
2n739 
2n740 



NPN silicon annular transistors designed for small- 
signal amplifier and general purpose switching appli- 
cations* 


CASE 22 

(TO- 18) 

Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

2N735 

2N736 

■ 

Unit 

Collector-Emitter Voltage 

V CEO 

60 

80 

Vdc 

Collector -Base Voltage 

V CB 

80 

125 

Vdc 

Emitter- Base Voltage 

V EB 

5. 

0 

Vdc 

Collector Current 

x c 

1.0 

Adc 

Total Device Dissipation @ T^ = 25°C 

P D 

500 

mW 

Derate above 25°C 

2. 

86 

mW/°G 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +200 

°C 


Lead Temperature, 1/16" ± 1/32" from case for 10 s. 
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2N735, 2N736, 2N739, 2N740 (Continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage' HI 


bv ceo 



Vdc 

(I c = 10 mAdc, I B = 0) 

2N735, 2N736 

60 

- 


2N739, 2N740 


80 

- 


Collector- Base Breakdown Voltage 


bv cbo 



Vdc 

(I c = 10 /xAdc, I E = 0) 

2N735, 2N736 

80 

- 



2N739, 2N740 


125 

- 


Emitter-Base Breakdown Voltage 


bv ebo 



Vdc 

(I £ = 10 MAdc, I c = 0) 


5.0 

- 


Collector Cutoff Current 


*CBO 



MAdc 

(V CB = 40 Vdc, I E = 0) 


- 

1.0 


Emitter Cutoff Current 


J EBO 



MAdc 

(V BE = 5 ‘ 0 Vdc ’ *C = 0) 


- 

10 



ON CHARACTERISTICS 


DC Current Gain 

(I r = 5. 0 mAdc, V r = 5. 0 Vdc) 2N735, 2N739 

2N736, 2N740 

h FE 

30 

60 

100 

200 

- 

Collector-Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 2. 0 mAdc) 

V CE(sat) 

- 

1.0 

Vdc 

Base-Emitter Voltage 
(1^ * 10 mAdc, I B = 2. 0 mAdc) 

V 

V BE 

0.35 

1.5 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 

(V CB = 5. 0 Vdc, I E = 0, f = 1. 0 MHz) 

C ob 

- 

10 

pF 

Input Impedance 

(I r = 5. 0 mAdc, V rp = 5. 0 Vdc, f = 1. 0 kHz) 2N735, 2N739 

2N736, 2N740 

h ie 

- 

1500 

1800 

Ohm 

Small -Signal Current Gain 

(I r = 5. 0 mAdc, V rp = 5. 0 Vdc, f = 1. 0 Hz) 2N735, 2N739 

2N736, 2N740 

h fe 

40 

80 

100 

200 



(1) Pulse Test: Pulse Width s 300 ms, Duty Cycle § 2. 0%. 








2n741 /A (GERMANIUM) 



Collector connected to case 


PNP germanium mesa transistors for oscillator, 
frequency multiplier and amplifier applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N741 

2N741A 

Unit 

Collector-Emitter Voltage 

v 

V CE 

15 

20 

Vdc 

Collector-Base Voltage 

v 

V CB 

15 

20 

Vdc 

Emitter -Base Voltage 

V EB 

1 

.0 

Vdc 

Collector Current 


100 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

150 

mW 

Derate above 25°C 


2 

■” j 

mW/°C 

Total Device Dissipation @ T^ = 25°C 

P D 

300 

mW 

Derate above 25°C 


4.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-65 to +100 

°C 


POWER OUTPUT versus FREQUENCY, 
CLASS C AMPLIFIER 



10 20 30 40 50 60 80 100 

FREQUENCY ( MHz) 


POWER GAIN AND COMMON EMITTER CURRENT GAIN 
versus FREQUENCY 



1 2.0 4.0 6.0 10 20 40 60 100 200 400 1000 

FREQUENCY (MHz) 
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2N741,A (continued) 

ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

ON CHARACTERISTICS 

Collector -Base Breakdown Voltage 


bv cbo 


■j ■ 

DBHI 

Vdc 

Oc = 100 pAdc, I E = 0) 

2N741 

15 

■ 

■ 


2N741A 


20 




Emitter -Base Breakdown Voltage 


bv ebo 



■ 

Vdc 

flg = 100 pAdc, I c = 0) 


1.0 

1 

■ 


Collector Cutoff Current 


! ces 

S| 



nAdc 

(Vc^iswc, v BE =o) 

2N741 


■ 

100 

(V CE =2° Vdc , V BE =0) 

2N741A 


HI 

B 

100 


Collector Cutoff Current 


X CBO 



Ml 

iuAdc 

< V CB = 6 VdC > J E = 0) 


■ 

0.2 



ON CHARACTERISTICS 


DC Current Gain 

h FE 




_ 

ff c = 5 mAdc, V CE = 6 Vdc) 

10 

25 

- 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

ff E = 5 mAdc, V C0 = 6 Vdc, f = 100 MHz) 

2N741 

2N741A 

f T 

300 

m 

■ 

MHz 

Output Capacitance 

( V CB = 6 Vdc, I E = 0, f = 100 kHz) 


■ 

6.0 

10 

pF 

Collector Capacitance 

(V CB = 6 Vdc, I E = 0, f = 100 kHz) 

C c 

■ 

3.0 


pF 

Small -Signal Current Gain 

(I c = 5 mAdc, V CE = 6 Vdc, f = 1 kHz) 

h fe 

20 

- 

■ 

- 

Output Admittance 

(I E =5 mAdc, V CB = 6 Vdc, f = 1 kHz) 

h ob 

. .. ... 

■ 

45 

■ 

pmhos 

Input Impedance 

(I E = 5 mAdc, V CB = 6 Vdc, f = 1 kHz) 

h ib 

■ 

8.0 



Base Resistance 

fl E = 5 mAdc, V CB = 6 Vdc, f = 300 MHz) 

2N741 

2N741A 

r ' b 

- 

75 

65 

■ 


Noise Figure 

a E = 5 mAdc, V CB = 6 Vdc, f = 30 MHz) 

NF 

- 

7.0 

- 

dB 

Power Gain, Matched, Neutralized 

(V CB = 6 Vdc, I E = 5 mAdc, f = 30 MHz) 

G pe 



■ 


Power Output 

d c = 60 mAdc, V CB = 6 Vdc, 


P 

out 

■ 


■ 


G pe = 8 dB, f = 30 MHz) 



1 

■ 

B 

Hi 

Power Output 

a c = 60 mAdc, V CB = 6 Vdc, 


P 

out 

_ 

200 

_ 

mW 

G pe = 5 dB, f = 70 MHz) 
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2N743 (SILICON) 


NPN silicon annular transistor designed for high- 
speed, low-current, saturated switching operations. 

CASE 22 

(TO- 18) 

Collector connected to case 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector -Emitter Voltage 

v 

CEO 

12 

Vdc 

Collector-Base Voltage 

v 

CB 

20 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current - Continuous 

x c 

200 

mAdc 

Total Device Dissipation @T^ = 25° C 

P D 

300 

mW 

Derate above 25° C 


1.71 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +200 

°C 



SWITCHING TEST CIRCUITS 

FIGURE 1 - TURN-ON AND TURN-OFF FIGURE 2 - CHARGE-STORAGE TIME 

TIME TEST CIRCUIT TEST CIRCUIT 

INPUT PULSES 



CIRCUIT CONDITIONS 




(VOLTS) 


(OHMS) 

t on 

‘off 

Condition 

v i 

V BB 

V 2 

V BB 

v cc 

R l' R 2 

R 3 

R 4 

R 5 

1 

15 

-3.0 

-15 

+12 

3.0 

3.3 k 

50 

220 

- 

2 

20 

-4.5 

-20 

+15.3* 

6.0 

330 

56 

. - 

1.0k 


* Vg B is pulsed for 1. 5 s at less than 10% Duty Cycle to maintain < 30° C. 
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2N743 (continued) 


ELECTRICAL CHARACTERISTICS (T a ss 25 *C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 

bv ceo 




(I c = 10 mAdc, I B = 0) 

12 

* 

mm 

Collector -Cutoff Current 

! ces 



liA.dc 

(V C E=2°Vdc, V BE = 0) 

- 

1.0 

(V CE =2° vd c, V BE =0, T a = 170"C) 


- 

100 


Collector Cutoff Current 

! cex 



juAdc 

(V CE - 10 Vdc, V EB(off) = 0. 35 Vdc, T a . 100” C) 

- 

30 

Collector Cutoff Current 

^BO 



/ixAdc 

(V CB = 20 Vdc, Ig = 0) 

- 

1.0 

Emitter Cutoff Current 

! ebo 



fiAdc 

(V bE =5.0 Vdc, I c =0) 

- 

10 


ON CHARACTERISTICS 


DC Current Gain 

(I c = 1. 0 mAdc, V CE = 0. 25 Vdc) 

h FE 

10 

_ 


(I c = 10 mAdc, V CE = 0. 35 Vdc) 


20 

60 


(I c = 10 mAdc, V CE = 0. 35 Vdc, T A = -55° C) 


10 

- 


(I c = 100 mAdc, V CE =1.0 Vdc) 


10 

- 


Collector-Emitter Saturation Voltage 
(l c = 10 mAdc, 1 B = 1. 0 mAdc, T A * 170° C) 

V CE(sat) 

_ 

0.35 

Vdc 

(I c - 100 mAdc, I B = 10 mAdc, T A = 170° C) 


- 

1.0 


(I c = 10 mAdc, I fi = 1. 0 mAdc, T A = -55° C) 


- 

1.1 


Base-Emitter Saturation Voltage 
(i^ =* 10 mAdc, = 1. 0 mAdc) 

V BE(sat) 

0.65 

0.85 

Vdc 

(I c = 10 mAdc, I B * 1.0 mAdc, T A = -55° C) 


- 

1.1 


(I c = 100 mAdc, Ig = 10 mAdc) 


- 

1.5 


(I c = 100 mAdc, Ig = 10 mAdc, T A = -55° C) 


- 

1.6 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c = 10 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

282 

- 

MHz 

Output Capacitance 
(V CB = 5. 0 Vdc, I E = 0, f = 1. 0 MHz) 

C ob 

- 

5.0 

pF 

Turn-On Time 

(V cc = 3. 0 Vdc, V BE(off) = 1.5 Vdc, I c = 10 mAdc, 

Igi =3.0 mAdc, Condition 1) 

‘on 


16 

ns 

(V cc = 6. 0 Vdc, V BE(off) = 2. 4 Vdc, I c = 100 mAdc, 

Igi = 40 mAdc, Figure 1, Condition 2) 


- 

12 


Turn-Off Time 

(V cc =3.0 Vdc, I c = 10 mAdc, I B1 *3.0 mAdc, 

fc off 



ns 

I B 2 = 1*5 mAdc, Condition 1) 

( v cc = 6 - 0 Vdc, I c = 100 mAdc, I fil * 40 mAdc, 



24 


lfi 2 * 20 mAdc, Figure 1, Condition 2) 


- 

40 


Storage Time 

(I c = 10 mAdc, I B1 = I B2 = 10 mAdc, V cc = 10 Vdc, 

Figure 2) 

‘s 


14 

ns 
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2n744 (SILICON) 



Collector connected to case 


NPN silicon annular transistor for high-speed switch- 
ing applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector -Base Voltage 

VCB 

20 

Vdc 

Collector- Emitter Voltage* 

V CEO 

12* 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector DC Current 

! C 

200 

mAdc 

Total Device Dissipation at 




25° C Case Temperature 
(Derate 6. 67 mW/°C above 25*C) 

P D 

1.0 

Watt 

Total Device Dissipation at 




25° C Ambient Temperature 

P D 

0.3 

Watt 

Derate above 25°C 


2.0 

mW/°C 

Junction Temperature 

T J 

+200 

•c 

Storage Temperature 

T stg 

-65 to 4 200 

•c 


^Refers to the voltage at which the magnitude of hpg approaches one when the 
emitter-base diode is open-circuited. 


SWITCHING TIME TEST CIRCUIT CHARGE STORAGE TEST CIRCUIT 



2-96 






































2N744 (continued) 


ELECTRICAL CHARACTERISTICS (Ta= 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector Cutoff Current 

!CES 

BqW| 



/lAdc 

(V rp = 20 Vdc, I E = 0) 


b 

.005 

1.0 


(V£ E = 20 Vdc, I B = 0, T A = 170°C) 



- 

100 


Collector Cutoff Current 

Icex 




^Adc 

( V CE = 10 Vdc, V BE = 0. 35 Vdc, T A = 100°C) 


- 

- 

30 


Emitter Cutoff Current 

Iebo 




/xAdc 

(V EB = 5 Vdc, Ic = 0) 


- 

- 

10 


Collector-Emitter Breakdown Voltage 

bv ceo 




Vdc 

(I c = 10 mAdc, I B = 0)* 


12 

30 

- 


Forward Current Transfer Ratio 

h FE 




- 

(I c = 1.0 mAdc, V CE = 0. 25 Vdc) 


20 

- 

- 


(IC = 10 mAdc, Vce = 0. 35 Vdc) 


40 

— 

120 


(I C = 10 mAdc, V CE = 0. 35 Vdc, T A = -55°C) 


20 

- 

— 


(I C = 100 mAdc, Vce = 10 Vdc)* 


20 

- 

- 


Small Signal Forward Current Transfer Ratio 

h fe 




- 

(IC = 10 mAdc, V C e = 10 Vdc, f = 100 MHz) 


2.8 


- 


Base -Emitter Voltage 

| 




Vdc 

(Ic = 10 mAdc, I B = 1 mAdc) 


0. 7 

— 

0.85 


(Ic = 10 mAdc, I B = 1 mAdc, T A = -55°C) 


— 

- 

1. 1 


(I c = 100 mAdc, I B = 10 mAdc)* 


— 

— 

1.5 


(I c = 100 mAdc, I B = 10 mAdc, T A = -55*C) Ml 


- 

- 

1.6 


Collector- Emitter Saturation Voltage 

v CE(sat) 


■ 


Vdc 

(Ic = 10 mAdc, I B = 1 mAdc, T A = 170°C) 

— 

■ 

0.35 


(Ic <100 mAdc, I B = 10 mAdc, T A = 170 # C) (1) 


- 

B 

1.0 


Output Capacitance 

^ob 




pF 

<V CB = 5 Vdc, I E = 0) 


- 

3.0 

5.0 


Turn-on Time 

t on 




nS 

(Condition 1) 


— 

26 

— 


(Condition 2) 


— 

10 

16 


(Condition 3) 


■ — 

7.0 

— 


(Condition 4) 


- 

6.0 

12 


Turn-off Time 

*off 

■ 

mm 


ns 

(Condition 1) 


1 


— 


(Condition 2) 



w$m 

24 


(Condition 3) 


fl 

mm! 

- 


(Condition 4) 


IHHI 

23 

45 


Charge Storage Time Constant 





ns 

(Iq = 10 mAdc, I B1 = -I B 2 = 10 mAdc) 


- 

- 

18 



( 1 ) Pulse Test: Pulse width = 300 /is, duty cycle = 2% 


CONDITION 


‘bi 

mA 

! B2 

mA 

VB v F i off) 

V CC 

Vdc 

R 1 = R 2 

R 3 

n 

r 4 

55 

R 5 

n 

l on 

^ff 

V BB 

V 

V IN 

V 

V BB 

V 

m 

1 

3 

1 

-0, 5 

-0.9 

ED 

6.8K 

50 

1 K 

0 

-1.8 

10.2 

8.4 

-10.2 

2 

10 

3 

-1. 5 

-1.5 

3.0 

3.3 K 

50 

220 

0 

-3.0 

15.0 

12 0 

-15 0 

3 

50 

15 

B$g| 

-1.8 

4.0 

680 

50 

18 

1 K 


15.3 

* 11.7 

-15.3 

4 

100 

40 


-2.4 

6.0 

330 

56 

0 

1 K 

mmm 

20.0 

*15.3 

-20.0 


* V BB is P ulsed for 1- 5 s Q less than 10% duty cycle 


2N753 (SILICON) 

For Specifications, See 2N706 Data. 
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2N827 (GERMANIUM) 



Collector connected to case 


PNP germanium mesa transistor for high-speed 
switching applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

to 

...t 

Vdc 

Collector-Emitter Voltage 

V CES 

20 

VdC 

Collector-Emitter Voltage 

V CEX 

10 

Vdc 

Emitter-Base Voltage 

M 

4.0 

Vdc 

Collector Current (Continuous) 

*C 

100 

mAdc 

Junction Temperature 

Tj 

+ 100 

°C 

Storage Temperature 

i- , l- .. /. ' : 

T stg 

-65 to + 100 

°c 

Device Dissipation @ 25°C 

P D 

■■ 

mW 

Ambient Temperature 
(berate 2mW/°C above 25°C) 


wm 

mW/°C 
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2N827 (continued) 


ELECTRICAL CHARACTERISTICS (t a » 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector-Base Breakdown Voltage 
(I c = 100 n Adc, I E =0) 

bv CBO 

20 

22 

B 

Vdc 

Collector-Emitter Breakdown Voltage 
(I c = 100 v Adc, V EB =0) 

bv ces 

20 

22 

B 

Vdc 

Emitter-Base Breakdown Voltage 
(1 E =100 MAdc,I c =0) 

bv ebo 

B 

5.0 

B 

Vdc 

Collector Latch-up Voltage 

lv cex 

10 

B 

B 

Vdc 

Collector- Emitter Cutoff Current 
(V CE =15 Vdc, V EB =0) 

X CES 

B 

0.5 

5.0 

jiAdc 

Collector-Base Cutoff Current 
(V CB =15 Vdc ) 

X CBO 

B 

0.5 

5.0 

ii Adc 

DC Forward Current Transfer Ratio 
(I c =10 mAdc, V ce = 0.3 Vdc) 

« 

-C 

100 

150 

B 

■ 

Collector- Emitter Saturation Voltage 
(l£ =10 mAdc, I B =3.3 mAdc) 

V CE(sat) 

B 

0.16 

0.25 

Vdc 

Base- Emitter Voltage 
(Iq =10 mAdc, I B =3.3 mAdc) 

V BE 

B 

0.39 

0.5 

Vdc 

Small-Signal Forward Current Transfer Ratio 
(Ic =10 mA, V CE = 1V, f=100 MHz) 

h fe 

2.5 

3.5 

■ 

m 

Collector Output Capacitance 
(V CB =10 V, I E =0, f = l MHz) 

^ob 

B 

4.0 

9.0 

PF 

Delay Time 

l d 

--- 

10 

15 

ns 

Rise Time 

*r 

H 

10 

20 

ns 

Storage Time 

*s 

— 

15 

30 

ns 

Fall Time 


B 

15 

30 

ns 
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2N828 (GERMANIUM) 



PNP germanium epitaxial mesa transistor for high- 
speed switching applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector -Emitter Voltage 

V CEO 

15 

Vdc 

Collector-Base Voltage 

V CB 

15 

Vdc 

Emitter-Base Voltage 

V EB 

2.5 

Vdc 

C ollector -C ur r ent 

l c 

200 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

150 

mW 

Derate above 25°C 


2.0 

mW/°C 

Total Device Dissipation @ T n = 25°C 
o ^ 

P D 

300 

mW 

Derate above 25 C 


4.0 

mW/°C 

Operating and Storage Junction 




Temperature Range 

T J’ T stg 

-65 to +100 

°C 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


INPUT WAVEFORM 


+1.25V 


-5.4V 


-4.4V 
INPUT WAVEFORM 


PULSE VOLTS 
INTERNAL RESISTANCE 

200 n 4.8K 

-AW 


2800 



TYPE R SAMPLING RESISTOR 
20 0 


— 3Vdc (APPROX) 
(ADJUST FOR l c = — 10mA) 


NOTE: 

I R1 = —1mA 
l R 2 ss -|-0.25mA 
[ l c = -10mA 

1 USE TEKTRON IX TYPE R PLUG-IN 


FIGURE 2 — CHARGE STORAGE TIME TEST CIRCUIT 



PULSE VOLTS 
INTERNAL RESISTANCE 


980 0 



TYPE R SAMPLING RESISTOR 
20 0 

AW -O 

-lOVdc (APPROX) 
(ADJUST FOR l c - 10mA) 


l„, — —0.10mA 
-|— 10mA 
l c - -10mA 
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2N828 (continued) 


FIGURE 3 — RISE TIME FACTOR 

HEWLETT PACKARD 
MODEL 185 SAMPLING 
OSCILLOSCOPE 



+ 1.05V 

o-J 

INPUT WAVEFORM 


FIGURE 4 — STORAGE AND FALL TIME TEST CIRCUIT hewlett-packard 

MODEL 185 SAMPLING 
OSCILLOSCOPE 



ELECTRICAL CHARACTERISTICS 0*c = 25°c unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector -Emitter Breakdown Voltage 
(I c = 1 mAdc, I 0 = 0) 

filial 

- 

10 

■ 

mm 

Collector-Emitter Breakdown Voltage 
(I c = 100 MAdc, V BE = 0) 


15 

25 

■ 

mm 

Collector-Base Breakdown Voltage 
(I c = lOOMAdc, I E = 0) 

bv cbo 

15 

mm 

■ 


Emitter -Base Breakdown Voltage 
(I E = 100 MAdc, I c = 0) 

bv ebo 

2.5 

■i 

■ 

mm 

Collector Cutoff Current 
< V CB = 6Vdc > I E= 0) 


- 

0.4 

3.0 

/iAdc 

ON CHARACTERISTICS 

DC Current Gain 

(I c = 10 mAdc, V CE = 0. 3 Vdc) 


25 

40 


- 

Collector - Emitter Saturation Voltage 
(I c = 10 mAdc, Ig = 1 mAdc) 

* V CE(sat) 

_ 

mm 



(1^ = 50 mAdc, Ig = 5 mAdc) 


- 

■■ 



Base -Emitter Saturation Voltage 
(I c = 10 mAdc, Ig = 1 mAdc) 

V BE(sat) 

0.34 
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2N828 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(I c = 10 mAdc, V CE = 1 Vdc, f = 100 MHz) 

f T 

300 

400 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, I E = 0) 

■8 

o 

- 

3.5 

- 

pF 

Small Signal Current Gain 

(I c = 10 mAdc, V CE = 1 Vdc, f = 100 MHz) 

h fe 

3 

4.0 


- 

Delay Plus Rise Time (Figure 1) 

‘d +t r 

- 

50 

— 

ns 

Storage Time (Figure 1) 

‘s 

B 

33 

HRjH 

ns 

Fall Time (Figure 1) 



35 

50 

ns 

Charge Storage Time Constant (Figure 2) 

T s 


14 

25 

ns 

Rise Time (Figure 3) 

‘r 

- 

7.0 

- 

ns 

Storage Time (Figure 4) 

V 

- 

5.0 

- 

ns 

Fall Time (Figure 4) 

‘f 

- 

3.0 

J 

ns 


2N828A (GERMANIUM) 
2N829 


PNP germanium epitaxial mesa transistors for high- 
speed switching applications 


Rating 

Symbol 

Value 

Unit 

Collector to Base Voltage 

V 

CB 

15 

Vdc 

Collector to Emitter Voltage 

v 

V CES 

15 

Vdc 

Emitter to Base Voltage 

V EB ! 

2.5 

Vdc 

Collector Current (Continuous) 

l C 

200 

mAdc 

Total Device Dissipation at 25°C case 

P D 

300 

mW 

Temperature (Derate 4. 0mw/°C above 25°C) 




Total Device Dissipation at 25°C 

P D 

150 

mW 

Ambient Temperature (Derate 2. 0mw/°C) 




Junction Temperature 

t j 

+100 

°C 

Storage Temperature 

T stg 

-65 to +100 

°C 
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2N828A, 2N 829 (continued) 



Characteristic 

Symbol 

Collector to Base Breakdown Voltage 

I E = °, I c = 100 Mdc 

bv cbo 

Collector to Emitter Breakdown 

Voltage 

V EB = °> l C = 100 ^ Adc 

bv ces 

Emitter to Base Breakdown Voltage 

Ic-°, I E = 100/iAdc 

bv ebo 

Collector Cutoff Current 

I E = °> V CB= 6VdC 

X CBO 

Forward Current Transfer Ratio 

I_ = lOmAdc, V PF * 0. 3Vdc 2N828A 

L 2N829 

h FE 

Forward Current Transfer Ratio 

I n = 150mAdc, V r „ = lVdc 2N828A 

u ^ 2N829 

h f 

fe 

Collector Saturation Voltage 

I c = lOmAdc, I B = l.OmAdc 2N828A 

I c = lOmAdc, Ig = 0.5mAdc 2N829 

V CE(sat) 

Collector Saturation Voltage 

1^, = 50mAdc, Ig = 5. OmAdc 

V CE(sat) 

Collector Saturation Voltage 

1^, = 150mAdc, Ig = 15mAdc 2N828A 

I c = 150mAdc, Ig = 7. 5mAdc 2N829 

V CE(sat) 

Base to Emitter Voltage 

I c = lOmAdc, Ig = ImAdc 2N828A 

1^ = lOmAdc, Ig = 0. 5mAdc 2N829 

V BE 

Base to Emitter Voltage 

1^ = 150mAdc, Ig = 15mAdc 2N828A 

I c = 150mAdc, Ig * 7. 5mAdc 2N829 

V BE 

Collector Capacitance 
!e = °, V CB = 6Vdc, f = 100 kHz) 

C ob 





0.20 

0.20 

Vdc 

0.25 

Vdc 

0.50 

0. 50 

Vdc 

0.44 

0.44 

Vdc 

0.85 

0.85 

Vdc 

4.0 

pF 
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2N828A, 2N 8 29 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Input Capacitance 

V BE = 1Vdc ’ Ig = 0„ f = 100 kHz) 

c ib 


2.2 

3. 5 

pF 

Small Signal Forward Current 

Transfer Ratio 

I c * lOmAdc, V C£ = -lVdc, f = 100 MHz 

h fe 

3.0 

4.0 



Current Gain Bandwidth Product 

V CE = 1Vdc > l C = ' 10niAdc > f = 100 MHz 

f T 

300 

400 

■ 

MHz 

Delay Plus Rise Time (Fig. 1) 

1^ = lOmAdc 

td+tr 

- 

35 

50 

ns 

Storage Time (Fig. 1) 

1^ = 10m Adc 

ts 

■ 

30 

50 

ns 

Fall Time (Fig. 1) 

1^ a lOmAdc 

tf 

■ 

30 

50 

ns 

Total Control Charge (Fig. 3) 

1^ = lOmAdc 

q t 

— 

50 

80 

pC 

Delay Plus Rise Time (Fig. 2) 

1^ * 150m Adc 

4 d +t r 

■ 

25 

50 

ns 

Turn Off Time (Fig. 2) 

1^ = 150m Adc 

t off 

-- 

60 

100 

ns 

Total Control Charge (Fig. 4) 

I c = 150m Adc 

Qrp 

: 

- 

120 

175 

PC 


FIGURE 1 — 10mA SWITCHING TIME 
TEST CIRCUIT 


FIGURE 2 — 150mA SWITCHING TIME 
TEST CIRCUIT 


SAMPLING 

RESISTOR 


SAMPLING 

RESISTOR 


PULSE 
nTnTTm VOLTS 

S?™. INTERNAL 

280 

-A W-j- 

20 

W\ — O -3. lVdc 

INPUT 

PULSE 

VOLTS 

INTERNAL 

48 2 

-AW-f-W\ — O -7.75 Vdc 

SILNAL RESISTANCE 

L 

OSCOPE V Qut 

SIGNAL 

RESISTANCE 

1 0 SCOPE V Qut 

+1.25 Vdc 

r- 200 4- 8K 1 / 

*c 

IB1 

= -lOmAdc 

+1.9 Vdc 

“I r 

100 900 

Ic = -150m Adc 

o- 

= -ImAdc 

tf 

►“VW — MAr-jT 

I B i = -7. 5mAdc 

1 %2 = +1. 9mAdc 

[ v BE(0) = +1.9Vdc 

-5.4 VDC j 

IB2 »+0.25mAdc 
[r V BE (0) = +1. 25Vdc 

-8. 2 Vdc 

J 


SCOPE INPUT IMPEDANCE = 1 Megohm 
SCOPE INPUT CAPACITANCE = 20 P F 
GENERATOR OUTPUT IMPEDANCE = 50 ohms 
INPUT PULSE t = t = 2ns 


SCOPE INPUT IMPEDANCE * 1 Megohm 
SCOPE INPUT CAPACITANCE = 20 pF 
GENERATOR OUTPUT IMPEDANCE = 50 ohms 
INPUT PULSE t = t f = 2ns 


FIGURE 3 — 10mA TOTAL CONTROL 
CHARGE TEST CIRCUIT 

♦ADJUST V BB FOR -5. 4 VOLT PULSE AT POINT A 

300 



FIGURE 4 — 150mA TOTAL CONTROL 
CHARGE TEST CIRCUIT 

♦ADJUST V B B FOR -8 VOLT PULSE AT POINT A 

50 
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2N834 (SILICON) 

2n835 



(TO- 18) 

Collector connected to case 


NPN silicon epitaxial transistors for high- speed 
switching applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N834 

2N835 

Unit 

Collector -Emitter Voltage 

V CES 

30 

20 

Vdc 

Collector -Base Voltage 

v 

V CB 

40 

25 


Emitter -Base Voltage 

V EB 

5.0 

3.0 

S3 

Collector Current-Continuous Peak 

*C 

200 


Total Device Dissipation @ = 25°C 

P D 

0 . 

3 


Derate above 25°C 


2 

.0 


Total Device Dissipation @ T^, = 25°C 

P D 

1 . 

0 

Watt 

Derate above 25°C 


6.67 

mW/°C 

Total Device Dissipation @ T c = 100°C 

P D 

0 . 

5 

Watt 

Derate above 100°C 


6. 67 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-65 to +175 

°C 


FIGURE 1 — TURN-ON AND TURN-OFF 
TIME MEASUREMENT CIRCUIT 


FIGURE 2 — CHARGE STORAGE TIME 
CONSTANT MEASUREMENT CIRCUIT 




NOTE: ALL SWITCHING TIMES MEASURED WITH LUMATRON MODEL 420 SWITCHING TIME TEST SET OR EQUIVALENT. 
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2N834, 2N835 (continued) 


ELECTRICAL CHARACTERISTICS (T A? 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector -Base Breakdown Voltage 
(I c = 10 juAdc, I E = 0) 

2N834 

2N835 

bv cbo 

40 

25 

- 

Vdc 

Emitter -Base Breakdown Voltage 
(I E = 10 MAdc, I c = 0) 

2N834 

2N835 

bv ebo 

5.0 

3.0 

- 

Vdc 

Collector Cutoff Current 
< V CE =30Vdc > V BE =0) 

2N834 

r CES 

■ 

10 

juAdc 

(V CE = 20Vdc, V BE = 0) 

2N835 


■ 

10 


Collector Cutoff Current 
(V CB = 20Vdc, I E = 0) 


! cbo 

■ 

0.5 

juAdc 

(V CB = 20 Vdc, Ig = 0, T a = 150°C) 



H 

30 



ON CHARACTERISTICS 


DC Current Gain * 11 

(I r = 10 mAdc, V^„ = 1 Vdc) 2N834 

2N835 

h FE 

25 

20 

- 

- 

Collector -Emitter Saturation Voltage 
(I r = 10 mAdc, Ir> = 1 mAdc) 2N834 

B 2N835 

(I c = 50 mAdc, 1=5 mAdc) (1> 2N834 

2N835 

* V CE(sat) 

1 

0. 25 
0.30 

0.4 

Vdc 

m 

Base -Emitter Saturation Voltage 
(1^ = 10 mAdc, Ig = 1 mAdc) 

V BE(sat) 

■ 

0.9 

Vdc 


DYNAMIC CHARACTERISTICS 


Current- Gain — Bandwidth Product 


f T 



MHz 

(I c = 10 mAdc, V CE = 20 Vdc, £ = 100 MHz) 

2N834 

T 

350 



(I c = 10 mAdc, V CE = 15 Vdc, f = 100 MHz) 

2N835 


300 



High-Frequency Current Gain 





_ 

(I c = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) 

2N834 

3.5 

* 


(I c = 10 mAdc, V CE = 15 Vdc, £ = 100 MHz) 

2N835 


3.0 

- 


Output Capacitance 


C ob 



pF 

(V CB = 10 Vdc, Ig = 0, £ = 100 kHz) 


mm 


Charge -Storage Time Constant (Figure 2) 


t_ 

■ 



(I c = 10 mAdc, I R1 = I 02 = 10 mAdc) 

2N834 

s 

1 E 

25 


2N835 


wi 

35 


Turn-On Time (Figure 1) 


t 



ns 

(1^ = 10 mAdc, 1^^ = 3 mAdc, 1 ^ = 1 mAdc) 

2N834 

on 

- 

33 


2N835 


- 

20 


Turn-Off Time (Figure 1) 


t off 



ns 

(I c = 10 mAdc, I 01 = 3 mAdc, Ig 2 = 1 mAdc) 

2N834 

- 

75 


2N835 


- 

35 



(i) 

Pulse Test: Pulse Width <12 ms, Duty Cycle < 2% 
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2n838 (GERMANIUM) 



PNP germanium epitaxial mesa transistor for high- 
speed switching applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

30 

Vdc 

Collector- Emitter Voltage 

V CES 

30 

Vdc 

Collector- Emitter Voltage 

V CEX 

15 

Vdc 

Emitter- Base Boltage 

V EB 

2.5 

Vdc 

Collector Current (Continuous) 


100 

mAdc 

Junction Temperature 

T J 

+100 

o 

O 

Storage Temperature 

T stg 

-65 to+ 100 

°c 

Device Dissipation @ T A = 25°C 

P D 

150 

mW 

(Derate 2mW/°C above 25°C) 


2.0 

mW/°C 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


FIGURE 2 — AREA OF PERMISSIBLE LOAD LOCI 


GENERATOR Z out = 50 fi 
INPUT PULSE t r = t,-£lns 
INPUT PULSE WIDTH = 100 ns 
(50,% DUTY CYCLE) 


0-i r O J-A/V 

8V 51 fie 1.2 


= — lOmAdc 
= — 3.3mAdc 


Z| N ^ 1 Megfi 
C (N 20 pF 
t r ^ 1 ns 


Latch-up Free Operating Area. Latch-up is the 
/ failure of the collector potential to return to the 
; supply voltage upon turn-off. The curve shows 
; the permissible operating area to avoid latch-up. 
' Load excursions must not pass through the 
; shaded area. Excursions into the. shaded area 
; will not necessarily harm the transistor, but may 
; produce the reduction in output voltage noted 
- above and cause high power dissipation. 
''//yZV///''' ;y////// j v//////x 

f/f M. Collector Latch-Up Voltage Test Circuit 


AREA OF 

" LATCH-FREE* 4 ^ 
OPERATION 

_ WHEN tf OF 

OUTPUT 

l PULSE < 15 n 



7 8 9 10 


V CE> COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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2N838 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector-Base Breakdown Voltage 
(I c =100 //Adc, I E =0) 

bv cbo 

30 

35 


Vdc 

Collector- Emitter Breakdown Voltage 
(I c = 100 /Mdc, V EB = 0) 

bv ces 

30 

35 

B 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 100 //Adc, I c = 0) 

bv ebo 

2.5 

Q 

B 

Vdc 

Collector Latch-up Voltage 
(see Figure 2) 

lv cex 

15 

B 

B 

Vdc 

Collector- Emitter Cutoff Current 
(V CE =15 Vdc, V EB =0) 

^ES 

n 

1.0 

10 

/iAdc 

Collector-Base Cutoff Current 
(V CB = 15 V, I E = 0) 

^BO 

B 

1.0 

10 

ju Adc 

DC Forward Current Transfer Ratio 
(I c = 10m Adc, V CE = 0.3 Vdc) 

h FE 

30 

70 

B 

n 

Collector- Emitter Saturation Voltage 
(I c =10 mAdc, Ig=3.3 mAdc) 

V CE(sat) 

B 

0.1 

0.18 

Vdc 

Base- Emitter Voltage 
(l£ = 10 mAdc, Ig =3.3 mAdc) 

V BE 

B 

0.39 

0.5 

Vdc 

Small-Signal Forward Current Transfer Ratio 
(I c = 10 mA, V CE = IV, f = 100 MHz) 

hfe 

3.0 

B 

B 

— 

Collector Output Capacitance 
(V C b = 1° V, I E = 0, f = l MHz) 

C ob 

B 

2.0 

4.0 

PF 

Delay Time (Figure 1) 

td 

— 

10 

15 

ns 

Rise Time (Figure 1) 

*r 

— 

7.0 

15 

ns 

Storage Time (Figure 1) 

*s 

— 

10 

20 

ns 

Fall Time (Figure 1) 

tf 

— 

10 

20 

ns 


2-108 















































































2n840 (SILICON) 
2n841 



NPN silicon annular transistors designed for small- 
signal amplifier and general purpose switching appli- 
cations. 


CASE 22 

(TO-18) 

Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector -Emitter Voltage 

v 

V CEO 

45 

Vdc 

Collector-Emitter Voltage 

V 

V CES 

45 

Vdc 

Collector-Base Voltage 

v 

CB 

45 

Vdc 

Emitter-Base Voltage 

V EB 

2.0 

Vdc 

Collector Current 

J C 

1.0 

Adc 

Total Device Dissipation @ = 25°C 

P D 

500 

mW 

Derate above 25°C 

2.86 

mW/°C 

Operating and Storage Junction 
Temperature Range 

wm 

-65 to +200 

°C 
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2N840, 2N841 (Continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I c = 10 mAdc, Ig = 0) 

bv ceo 

45 

- 

Vdc 

Collector -Base Breakdown Voltage 

(I c = 100 MAdc, I E = 0) 

bv cbo 

45 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 100 uAdc, I c = 0) 

bv ebo 

2.0 

- 

Vdc 

Collector Cutoff Current 
(V CE = 45 Vdc, V BE = 0, R be = 5. 0 k ohms) 

! cer 

- 

20 

/iAdc 

Collector Cutoff Current 
(V CB = 45 Vdc, I E = 0) 

! cbo 

- 


1 

(V Cfi = 45 Vdc, I E = 0, T A = 150°C) 


- 



Emitter Cutoff Current 
(V BE = 2.0 Vdc, I c = 0) 

! ebo 

- 


/iAdc 


ON CHARACTERISTICS 


DC Current Gain 

(I r = 10 mAdc, Vp„ = 5. 0 Vdc) 2N840 

L 2N841 


m 

100 

400 


Collector-Emitter Saturation Voltage 
(I„ = 10 mAdc, I_ =2.2 mAdc) 

L D 

V CE(sat) 

- 

2.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I n = 1.0 mAdc, V nv = 5.0 Vdc, f = 20 MHz) 2N840 

L 2N841 

f T 

1.5 

2.0 

.... 


Output Capacitance 
( V CB = 5 - 0 Vdc, ! e = °» f = 1. 0 MHz) 

C ob 

- 

15 

pF 

Small-Signal Current Gain 

(I r = 1. 0 mAdc, V = 5. 0 Vdc, f = 1. 0 kHz) 2N840 

^ ^ 2N841 

(I n = 1.0 mAdc, V = 5. 0 Vdc, f = 1. 0 kHz, 2N840 

T a = -55°C) .. 2N841 


■ 

■ ■ 

90 

330 


Output Admittance 

(I c = 1.0 mAdc, V CE = 5. 0 Vdc, f = 1. 0 kHz) 

h oe 

- 

1.2 

jiunhos 

Input Resistance 

(I c = 1.0 mAdc, V CB = 5. 0 Vdc, f = 1. 0 kHz) 

h ib 

- 

80 

Ohms 

Output Conductance 

(I c = 1.0 mAdc, V CB = 5. 0 Vdc, f = 1. 0 kHz) 

h ob 

- 

1.2 


Real Part of Input Impedance 
(I„ = 10 mAdc, V^ = 10 Vdc, f = 20 MHz) 

Re ( h ie ) 

- 

500 

Ohms 
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2n869 (SILICON) 
2N995 


CASE 22 

(TO- 18) 

Collector connected to case 

PNP silicon annular transistors for high-frequency 
general-purpose amplifier applications. 


MAXIMUM RATINGS 



Rating 

Symbol 

Types 

Value 

Unit 

Base Voltage 

V CB 

| 

25 

20 

Vdc 

Collector- Emitter Voltage 

v CEO 

m 

H 

Vdc 

Emitter-Base Voltage 

v eb 

2N869 

2N995 

5.0 

4.0 

Vdc 

Total Device Dissipation 
at 25°C Case Temperature 
at 100°C Case Temperature 

Derate above 25°C 

P D 

Both 

Types 

1.2 

0.68 

6.86 

Watts 

Watt 

mW/°C 

Total Device Dissipation 
at 25°C Ambient Temperature 

Derate above 25°C 

P D 

Both 

Types 

0.36 

2.06 

Watt 

mW/°C 

Storage Temperature 

T stg 

Both 

Types 

-65 to +200 

°c 

Junction Temperature 

T J 

Both 

Types 

+200 

°c 
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2N869, 2N995 (continued) 


ELECTRICAL CHARACTERISTICS (Ta~ 25°C unless otherwise noted) 


Characteristic 

Symbol 

! 

Min 

|Typ 

Max 

Unit 

Collector-Base Breakdown Voltage 

bv CBO 


■ 

■ 

Vdc 

(I c = 10 piAdc, I E = 0) 2N869 

25 

B 

B 


2N995 


20 

B 

B 


Collector- Emitter Sustaining Voltage m 

V CEO (sust) 

M 

■ 

■ 

Vdc 

(Ic = 10 mAdc, I B = 0) 2N869 





2N995 


H 

B 

m 


Emitter-Base Breakdown Voltage 

bv ebo 


H 

m 


(I E = 10 M Adc, I c = 0) 2N869 

5.0 

a 

1 

Vdc 

2N995 


4.0 

B 

n 


Collector Cutoff Current 

*CBO 

m 

■ 

RR 

n Adc 

(V CB = 15 Vdc, I E = 0) 2N869 

B 

B 

pll 


2N995 


H 

B 

EH 


(V C b = 15 Vdc, I E = 0, T A = 150°C) Both Types 


H 

H 

25 


Emitter Current 

^BO 

■ 

■ 


Ijl Adc 

(V EB = 4.0 Vdc, Ic = 0) 2N995 

B 

i 

10 

Collector Saturation Voltage 

V CE (sat) 

B 


M 

Vdc 

(Ic = 10 mAdc, I B = 1.0 mAdc) 2N869 


0. 17 

B 


(IC = 20 mAdc, I B = 2.0 mAdc) 2N995 


B 

— 

Mm 


Base Saturation Voltage 

V BE (sat) 

■ 


u 

Vdc 

(Ic = 10 mAdc, I B =1.0 mAdc) 2N869 


0.78 

D:# 


(Ic = 20 mAdc, I B = 2.0 mAdc) 2N995 


B 

— 



DC Forward-Current Transfer Ratio 1,1 

h FE 


■ 

■ 

B| 

(IC = 10 mAdc, Vce = 5.0 Vdc) 2N869 

20 

B 

REB 


(IC = 1.0 mAdc, V C £ = 1-0 Vdc) 2N995 


25 

B 

m 

1 

(Ic = 20 mAdc, V CE = 1.0 Vdc) 2N995 


35 

B 

140 


(IC = 50 mAdc, V CE = 1.0 Vdc) 2N995 


25 

H 

B 

■ 

Open- Circuit Output Capacitance 

C ob 

B 


B 

pF 

(V CB = 10 V, I E = 0) 2N869 

s 




2N995 


B 




Open-Circuit Input Capacitance 

c ib 

B 



pF 

( V BE = °- 5 V, Ic = 0) Both Types 


B 

7.0 

11 


Small-Signal Forward- Current 

Transfer Ratio 

bfe 


R 

■ 

■ 

( I C = 10 mA, V CE = 15 V, f = 100 MHz) 2N869 

1.0 

B 

9 


(I c = 10 mA, V C£ = 10 V, f = 100 MHz ) 2N995 


1.0 

B 

B 

B 


m Pulse Note: Pulse Width = 300 ys, Duty Cycle = 1% 
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2n869A (SILICON) 

2N869A JAN/JANTX Available 


MM869B 


PNP SILICON ANNULAR TRANSISTORS 


PNP silicon annular low-power transistor designed for medium- 
speed, saturated switching applications. 


Collector-Emitter Breakdown Voltage — 

BVqeO = 30 Vdc (Min) @ \q = 10 mAdc - MM869B 
Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.2 Vdc (Max) @ lc = 30 mAdc 
Turn-On Time — 

t on = 10 ns (Typ) @ lc *= 30 mAdc - MM869B 


PNP SILICON 
SWITCHING 
TRANSISTORS 


•MAXIMUM RATINGS 


Rating 

Symbol 

2N869A 

MM869B 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

30 

Vdc 

Collector-Base Voltage 

V CB 

25 

30 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 

•c 

200 

mAdc 

Total Device Dissipation @ T/\ - 25°C 

PD 

360 

mW 

Derate above 25°C 

2.1 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.2 

Watts 

Derate above 25°C 


6. 

36 

mW/°C 

Operating and Storage Junction 

T J^ T stg 

-65 to +200 

° c 

Temperature Range 






*2N869A JEDEC Registered Data. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 


Vbb 


-2.0 V 


Vin O 


Pulse Source 

[ 

t r < 1,0 ns * 

MOO 

PW > 200 ns « 

> 

Zin : 

= 50fZ 

0.1 mF 


< 

< 

j 

' )\ 

►100 




OV 0Ut 

TO SAMPLING SCOPE 
Zj n « 100 kf2 
t r < 1.0 ns 
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2I\I869A,MM869B (continued) 


^ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

1 ’ IH '' " '' Characteristic | Symbol { Min \ Typ | Max | Unit 1 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage! 1) 

(Iq^OmAdq, | B *0) 2N869A 

MM869B 

v CEO(sus) 

18 

30 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(|q* lO/iAdc, Vge 2N869A 

bv ces 

25 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(lq * IQ/nAdc, l E = 0) ' 2N869A 

MM869B 

BVqso 

25 

30 

- 

- 

Vdc 

Emittqr-Base Breakdown Voltage 
(l E = 10 «Adc, lq 0) 

bv E bo 

5.0 

- 

- 

Vdc 

Collector Cutoff Current 
(Vq{= w IS Vdc, VgE 53 0) 

•CBS 

— 

' 

010 

juAdc 

Collector Cutoff Current 
(Vq B * IS Vdc, l E = 0, T A * 1 50°C) 

'CBO 



25 

juAdc 

' Base Current 

(Vq E * 15 Vdc, VbE " Q) 

'B 

"" 


.010 

juAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 

(lq * IQ mAdc, Vq E ~ 0.3 Vdc) 

hFE (D 

30 

__ 

mmm 


(lq « 10 mAdc, Vq E - 5,0 Vdc) 


40 

■ 


a , ' 

(lq « 30 mAdc, Vq B « 0,5 Vdc) 


40 


H 

■ 

(lq « 30 mAdc, Vq E - 0,5 Vdc, T A - -55°C) 


17 


1 

■ 

Oq - ioo mAdc. Vq E * i.o Vdc) 


25 

1 


1 1 

Collector-Emitter Saturation Voltage 
(lq = 10 mAdc , l B 1.0 mAdc) 

VcE(sat) 

__ 


0.15 

Vdc 

(lq *= 30 mAdc, l B * 3,0 mAdc) 


- 

- 

■ ■ 


(lq * 100 mAdc, l B 35 10 mAdc) 


- 

- 



Base-Emitter Saturation Voltage 
(|q =» IQ mAdc, l B * 10 mAdc) 

VBE(sat) 

0.78 

_ 

0.98 

Vdc 

(lq » 30 mAdc, Ib 3.0 mAdc) 


0.85 

- 

1.2 


(lq s* 100 mAdc, Ib = 10 mAdc) 


- 

- 

1.7 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 

(lq » 10 mAdc, V CE =• 15 Vdc, f « 100 MHz) 

fr 

400 

- 

- 

MHz 

Output Capacitance 
(V CB m 5.0 VdC. I E « 0, f - 140 kHz) 

Cob 


~ 

6.0 

pF 

Input Capacitance 

(Vbe 53 0.5 Vdc, lq - 0, f = 140 kHz) 

c ib 


" 

6.0 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(lq » 30 mAdc. Ibi 55 1.5 mAdc) 

(|q * 30 mAdc, l B i ** 3,0 mAdc) 

Both Types 
MM829B 

ton 

- 

10 

50 

ns 

ns 

Turn-Off Time 

(lq - 30 mAdc, Ibi 38 1 82 53 L5 mAdc) 

Both Types 

toff 

— 

- 

80 

ns 

(lq = 30 mAdc, 1 B1 ~ i B2 ~ 3.0 mAdc) 

MM829B 



60 

- 

ns 


* 2N869A JEDEC Registered Data. 

(DpglseTest; Pulse Width = <300 Duty Cycle < 1 .0%. 

(2)f-jr is defined as the frequency at which |hif e | extrapolates to unity. 
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2n910 (SILICON) 

2n911 



NPN silicon annular transistors designed for small- 
signal amplifier and general purpose switching appli- 
cations. 


CASE 22 

(TO- 18) 

Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEO 

60 

Vdc 

Collector -Emitter Voltage 

V 

V CER 

80 

Vdc 

Collector -Base Voltage 

V CB 

100 

Vdc 

Emitter-Base Voltage 

V EB 

7.0 

Vdc 

Total Device Dissipation @ = 2 5 °C 

P D 

0.5 

Watt 

Derate above 25°C 


2,86 

mW/ p C 

Total Device Dissipation @ T^ = 25°C 

P D 

1.8 

Watt 

T c = 100°C 


0.975 


Derate above 25°C 



mW/°C 

Operating and Storage Junction 
Temperature Range 

HSjM 

-65 to +200 

°C 































2N910, 2N911 (Continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25 # C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage* 

(I c = 30 mAdc, I B = 0) 

RV * 

av CEO(sus) 

60 

- 

Vdc 

Collector-Emitter Sustaining Voltage* 

(I c = 100 mAdc, R be S 10 ohms) 

RV * 

av CER(sus) 

80 

- 

Vdc 

Collector -Base Breakdown Voltage 
(I c = 100 pAdc, I E = 0) 

bv cbo 

100 


Vdc 

Emitter- Base Breakdown Voltage 
(I E = 100 pAdc, I c = 0) 

bv ebo 

7.0 

- 

Vdc 

Collector Cutoff Current 
< V CB = 75 Vdc ' r E = °> 

X CBO 

_ 

25 

nAdc 

(V C0 = 75 Vdc, I E = 0, ,T a = 150°C) 


- 

15 

p Adc 

Emitter Cutoff Current 
(Vg E = 5.0 Vdc, I c =0) 

! ebo 

- 

25 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

(I n = 0. 1 mAdc, V_„ = 10 Vdc) 2N910 

C CE 2N911 

OU = 10 mAdc, V rv = 10 Vdc) 2N910* 

C 2N911* 

(I r = 10 mAdc, V rT! , = 10 Vdc, T. = -55°C) 2N910* 

^ ^ A 2N911* 

h FE 

35 

20 

75 

35 

30 

15 

- 


Collector- Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1. 0 mAdc) 

(I c = 50 mAdc, Ig = 5.0 mAdc) 

V CE(sat) 

_ 

0.4 

1.2 

Vdc 

Base- Emitter Saturation Voltage 
(I c = 10 mAdc, Ig = 1. 0 mAdc) 

(1^ = 50 mAdc, Ig = 5. 0 mAdc) 

V BE(sat) 

0.6 

0. 8 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current- Gain— Bandwidth Product 


4 



MHz 

(I c = 50 mAdc, V CE = 10 Vdc, f = 20 MHz) 

2N910 


60 



2N911 


50 



Output Capacitance 


C ob 



pF 

(V CB = 10 Vdc, I E = 0, f = 100 kHz) 


- 

15 


Input Capacitance 


c ib 



pF 

( v be = °- 5 vdc > ! c = °> £ = 100 kHz ) 


- 

85 


Input Impedance 


h ie 



Ohms 

(I c =5.0 mAdc, V CE =5.0 Vdc, f = 1. 0 kHz) 

2N910 

-- 

1800 


2N911 



1000 


Small-Signal Current Gain 


h fe 



- 

(I c =1.0 mAdc, V CE = 5. 0 Vdc, f = 1. 0 kHz) 

2N910 

2N911 

76 

36 

200 

90 


(I c = 5.0 mAdc, V CE = 5.0 Vdc, f = 1.0 kHz) 

2N911 


40 

. 100 


Output Admittance 


h oe 



jumhos 

(I c =5.0 mAdc, V CE =5.0 Vdc, f = 1. 0 kHz) 

2N910 

2N911 

_ 

100 

50 


Input Resistance 


h ib 



Ohms 

(I c = 1.0 mAdc, V CB = 5.0 Vdc, f = 1. 0 kHz) 


20 

30 


(I c =5.0 mAdc, V CB = 5, 0 Vdc, f = 1. 0 kHz) 



4.0 

8.0 


Voltage Feedback Ratio 


h rb 



X 10-4 

(I c = 1.0 mAdc, V CB = 5.0 Vdc, f = 1.0 kHz) 

2N910 

- 

3.0 


2N911 


- 

1.25 


(I c =5.0 mAdc, V CB = 5.0 Vdc, f = 1. 0 kHz) 

2N911 


- 

1.75 


Output Conductance 


h . 
ob 



pm ho 

(I c = 1. 0 mAdc, V CB = 5. 0 Vdc, f = 1. 0 kHz). 



0.5 


(I c =5.0 mAdc, V CB = 5.0 Vdc, f = 1. 0 kHz) 



- 

1.0 


Noise Figure 


NF 



dB 

(I c = 0. 3 mAdc, V CB = 10 Vdc, R Q = 510 ohms, 
f = 1.0 kHz, B. W. = 200 Hz) 

2N910 

2N911 


- 

12 

15 



* Pulse Test: Pulse Width 2 300 /is, Duty Cycle = 2.0%. 
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2n914 (SILICON) 

2N914 JAN, JTX Available 



Collector connected 
to case 

NPN silicon annular transistor for high- speed switch- 
ing applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

♦Collector -Emitter Voltage 

v 

v CEO 

15 

Vdc 

♦Collector-Emitter Voltage 
( r be - 10 ohms) 

v 

V CER 

20 

Vdc 

♦Collector -Base Voltage 

V CB 

40 

Vdc 

♦Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current (Note 1) 

>C 

150 

mAdc 

♦Total Device Dissipation @ T A = 25°C 

P D 

360 

mW 

Derate above 25°C 

2.06 

mW/°C 

♦Total Device Dissipation @ T c = 25°C 

P D 

1.2 

Watts 

Derate above 25°C 


6.9 

mW/°C 

♦Total Device Dissipation @ T c = 100°C 

P D 

0.68 

Watt 

♦Operating Junction Temperature Range 

T J 

200 

°C 

♦Storage Temperature Range 

T Stg 

-65 to +200 

°c 


♦Indicates JEDEC Registered Data. 
Note 1: Limited by Power Dissipation 


CHARGE STORAGE TIME CONSTANT TEST CIRCUIT U and U TEST CIRCUIT 

+5V +5V 
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2N914 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

♦Collector-Emitter Sustaining Voltage (Note 1) 

(I c = 30 mAdc, I B = 0) 

BV CEO(sus) 

15 

_ 

Vdc 

*Collector-Emitter Sustaining Voltage (Note 1) 

(1^ = 30 mAdc, Rgg < 10 ohms) 

BV CER(sus) 

20 

_ 

Vdc 

♦Collector-Base Breakdown Voltage 
(I c = 1.0 Mdc, I E = 0) 

bv cbo 

40 


Vdc 

♦Emitter-Base Breakdown Voltage 
(I E = lOpAdc, I c = 0) 

bv ebo 

5.0 

- 

Vdc 

♦Collector Cutoff Current 

(V CE = 20 Vdc, V EB(of{) = 0.25 Vdc, T A = 125°C) 

*CEX 

- 

10 

/iAdc 

♦Collector Cutoff Current 
(V CB = 20 Vdc, I E = 0) 

l CBO 


0.025 

m Adc 

(V CB = 20 Vdc, I E = 0, T A = 150°C) 


- 

15 


Emitter Cutoff Current 
(V BE = 4 - 0Vdc ’ l C = 0) 

*EBO 

- 

0. 1 

/uAdc 


ON CHARACTERISTICS 


DC Current Gain (Note 1) 

♦(I c = 10 mAdc, V CE =1.0 Vdc) 

h FE 

30 

120 

- 

(I c = 10 mAdc, V CE =1.0 Vdc, T A = -55°C) 


12 

- 


*(I C = 500 mAdc, V c£ = 5.0 Vdc) 


10 

- 


Collector-Emitter Saturation Voltage (Note 1) 

*(I e = 200 mAdc, I B = 20 mAdc) 

V CE(sat) 

_ 

0.70 

Vdc 

(I c = 10 mAdc, 1 B =1.0 thru 20 mAdc, T A = -55 to +125°C) 


- 

0.25 


♦Base -Emitter Saturation Voltage 
(1^ = 10 mAdc, Ig =1.0 mAdc) 

V BE(sat) 

0.70 

0.80 

Vdc 


DYNAMIC CHARACTERISTICS 


tCurrent-Gain — Bandwidth Product 

(I c = 20 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

300 

_ 

MHz 

Output Capacitance 

(V CB = 10 Vdc, I E = 0, t = 1.0 MHz) 

C ob 

- 

6.0 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, I c = 0, f = 1.0 MHz) 

c ib 

- 

9.0 

PF 

♦Charge Storage Time Constant (Note 2) 

(1 C = *B1 = J B2 = 20 mAdc) 

T s 

_ 

20 

ns 

Turn-On Time (Note 2) 

(I c = 200 mAdc, I fil - 40 mAdc, Ig 2 = 20 mAdc) 

‘on 

- 

40 

ns 

Turn-Off Time (Note 2) 

(I c = 200 mAdc, I 01 = 40 mAdc, Ig 2 = 20 mAdc) 

t 0ff 

- 

40 

ns 


Note 1: Pulse Test: Pulse Width = 300 fis , Duty Cycle <1.0%. 
Note 2: Measured on Sampling Scope: Pulse Width > 200 ns. 
♦Indicates JEDEC Registered Data, 
f JEDEC Registration Defined as h^ e . 
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2N915 (SILICON) 


CASE 22 

(TO-18) 



Collector connected to case 


NPN silicon annular transistor for high-frequency 
amplifier, oscillator and switching applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

70 

Vdc 

Collector- Emitter Voltage 

v 

v CEO 

50 

Vdc 

Emitter- Base Voltage 

V EB 

5.0 

Vdc 

Total Device Dissipation 
@ 25° C Case Temperature 

P D 

1.2 

W 

Derating Factor Above 25°C 


6. 9 

mW/°C 

Total Device Dissipation 

@ 25°C Ambient Temperature 

P D 

0 .36 

w 

Derating Factor Above 25° C 


2.06 

mW/’C 

Junction Temperature, 

T J 

+200 

°c 

Operating 




Storage Temperature Range 

T 

stg 

-65 to + 200 

°c 
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2N915 (continued) 


ELECTRICAL CHARACTERISTICS <T A = 25° C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector Cutoff Current 
■ 0 V CB = 60V 

X CBO 


10 

nA 

Collector Cutoff Current @ 150°C 
h “ 0 V CB 60V 

X CBO 


30 

M A 

Collector Breakdown Voltage 

bv cbo 

70 


Volts 

I c = 100 ju A I E = 0 




Collector to Emitter Sustaining Voltage (1) 

V CEO 

50 


Volts 

I c = 10mA I B = 0 




Emitter Breakdown Voltage 

bv ebo 

5.0 


Volts 

I c = 0 I E = 100 juA 




Base Saturation Voltage 

I c = 10mA = 1. 0mA 

V BE(sat) 


0.9 

Volts 

Collector Saturation Voltage 

1^, = 10mA Ig = 1. 0mA 

V CE(sat) 


1.0 

Volts 

DC Pulse Current Gain 

h FE 

50 

200 


I c = 10mA V CE = 5. 0V 




Output Capacitance 

c 0b 


3.5 

pF 

h “ 0 V CB ■ 10V 




Emitter Transition Capacitance 

C TE 


10 

pF 

I c-'° V EB = °- 5V 



High Frequency Current Gain f = 100 MHz 

h fe 

2.5 



I c = 10mA V CE = 15V 




Small Signal Current Gain f = 1 kHz 

h £e 

40 

200 


I c = 1.0mA V CE = 5.0V 

I c = 5. OipA V CE = 5. 0V 

50 

250 



Input Resistance f = 1 kHz 

h ie 


6000 

ohms 

I c = 1. 0mA V CE = 5. 0V 

I c = 5. 0mA V CE = 5. 0V 


2000 

ohms 


Output Conductance f = 1 kHz 

h oe 


75 

^ mho 

I c = 1. 0mA V CE = 5. 0V 

I c = 5. 0mA V CE = 5. 0V 


125 

jLtmho 





























































2n916 (SILICON) 

2N916 JAN Available 


CASE 22 

(TO- 18) 

Collector 
connected to case 



NPN silicon annular transistor for high-frequency 
amplifier, oscillator and switching applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector -Base Voltage 

v 

V CB 

45 

Vdc 

Collector -Emitter Voltage 

V 

CEO 

25 

Vdc 

Emitter -Base Voltage 

V EB 

5 

Vdc 

Total Device Dissipation 
@ 25*C Case Temperature 

P D 

1. 2 

W 

Derating Factor Above 25 °C 


6. 9 

mW/°C 

Total Device Dissipation 
@ 25*C Ambient Temperature 

P D 

. 36 

W 

Derating Factor Above 25*C 


2.06 

mW/°C 

Junction Temperature, Operating 

T J 

+200 

°C 

Storage Temperature Range 

T st z 

-65 to +300 

°C 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector Cutoff Current 

^ v cb = 30v 

X CBO 


10 

nAdc 

Collector Cutoff Current @150° C 

^=0 v cb = 30v 

^BO 


10 

pAdc 

Collector Breakdown Voltage 

I c = 10 M A i e = 0 

bv cbo 

45 


Vdc 

Collector to Emitter Sustaining Voltage ID 
1^, = 30mA 1^ = 0 

V CEO 

25 


Vdc 

Emitter Breakdown Voltage 
i c = o i E = 10 

bv ebo 

5.0 


Vdc 

Base Saturation Voltage 

1^, = 10mA 1^ = 1.0mA 

V BE(sat) 


0.9 

Vdc 

Collector Saturation Voltage 

I c = 10mA I B = 1.0mA 

V CE(sat) 


0.5 

Vdc 

DC Pulse Current Gain m 

I G = 10 mA V CE = 1.0V 

h FE 

50 

200 


Output Capacitance 

I E =° V cb = 5.0V 

C ob 


6.0 

pF 

Emitter Transition Capacitance 
t- 0 V EB = °- 5V 

C TE 


10 

pF 

High Frequency Current Gain f = 100 MHz 
I c = 10mA V CE = 15V 

h fe 

3.0 



Small Signal Current Gain f = 1 kHz 

I c = 1.0mA V CE = 5.0V 

I c = 5.0mA V CE = 5.0V 

h te 

40 

50 

200 

250 


Input Resistance f = 1 kHz 

I c = 1.0mA V C£ = 5.0V 

I c = 5.0mA V CE = 5.0V 

h ie 


6000 

2000 

ohms 

ohms 

Output Conductance f = 1 kHz 

I c = 1.0mA V CE = 5.0V 

I c = 5.0mA V CE = 5.0V 

h oe 


75 

125 

/imho 

/imho 


Pulse Test: Pulse Width * 300 /is, Duty Cycle* £1.0% 
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2n918 (SILICON) 

2N918 JAN, JTX AVAILABLE 


NPN SILICON ANNULAR TRANSISTORS 

. . . designed for use in VHF and UHF amplifier, mixer and oscillator 
applications. 

• High Current-Gain — Bandwidth Product — 

f T = 600 MHz (Min) @ f = 100 MHz 

• Low Output Capacitance - 

Cob * 1-7 pF (Max) @ V C B = 10 Vdc 

• Co I lector- Emitter Sustaining Voltage - 

VcEO(sus) * 15 Vdc (Min) @ Iq = 3.0 mAdc 

• JAN/JANTX Also Available 


^MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

15 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

>c 

50 

mAdc 

Total Device Dissipation @ T/\ - 25°C 

PD 

200 

mW 

Derate above 25°C 


1.14 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

300 

mW 

Derate above 25°C 


1.71 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-65 to +200 

°C 


Temperature Range 

Indicates JEDEC Registered Data 


NPN SILICON 
AMPLIFIER 
TRANSISTORS 




CASE 20 (10) 

TO-72 PACKAGE 

To convert inches to millimeters multiply by 25.4. 
All JEDEC TO-72 dimensions and notes apply. 


FIGURE 1 - NEUTRALIZED 200 MHz POWER AMPLIFIER GAIN 
TEST CIRCUIT 




2N918 (continued) 


^ELECTRICAL CHARACTERISTICS ( T ^ = 25°C unless otherwise noted) 

| Characteristic j Symbol | Min | Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l C = 3.0mAdc, 1 B = 0) 

v CEO(sus) 

15 

- 

Vdc 

Col lector- Base Breakdown Voltage 

BVcbO 

30 

- 

Vdc 

(l c = 1.0 juAdc, l E = 0) 





Emitter-Base Breakdown Voltage 

BV Eb o 

3.0 

- 

Vdc 

(l E = 10/uAdc, Iq = 0) 





Collector Cutoff Current 

■cbo 




(Vcb =15 Vdc, l E = 0) 


- 

.010 

juAdc 

(V C b = 15 Vdc, l E = 0, T a = 150°C) 


- 

1.0 

juAdc 


ON CHARACTERISTICS 


DC Current Gain 

(l C = 3.0 mAdc, V CE = 1.0 Vdc) 

h FE 

20 

- 

- 

Collector-Emitter Saturation Voltage 
(Iq = 10 mAdc, l B = 1.0 mAdc) 

v CE(sat) 

- 

0.4 

Vdc 

Base-Emitter Saturation Voltage 
(l C = 10 mAdc, lg = 1.0 mAdc) 

v BE(sat) 


1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (1) 

(l C = 4.0 mAdc, V CE = 10 Vdc, f= 100 MHz) 

*T 

600 

- 

MHz 

Output Capacitance 

^ob 



pF 

(V C B = 10 Vdc, l E = 0, f = 140 kHz) 


- 

1.7 


(Vcb = 0, l E = 0, f= 140 kHz) 


- 

3.0 


Input Capacitance 

^ib 

- 

2.0 

pF 

(V EB = 0.5 Vdc, l C = 0, f = 140 kHz) 





Noise Figure 

NF 

- 

6.0 

dB 

(lC = 1.0 mAdc, V CE = 6.0 Vdc, Rq = 400 Ohms, f - 60 MHz) 






FUNCTIONAL TEST 


Amplifier Power Gain (Figure 1) 

(V CB - 12 Vdc, l C = 6.0 mAdc, f = 200 MHz) 

Gpe 

15 

- 

dB 

Power Output (Figure 2) 

(V CB = 15 Vdc, l c = 8.0 mAdc, f - 500 MHz) 

p out 

30 

- 

mW 

Collector Efficiency (Figure 2) 

(V C b = 15 Vdc, l C = 8.0 mAdc, f = 500 MHz) 

n 

25 

— 

% 


^Indicates JEDEC Registered Data. 

(1)fy is defined as the frequency at which |hf e | extrapolates to unity. 
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2n929, A (SILICON) 

2n930, A 

2N929 JAN AVAILABLE 
2N930 JAN AVAILABLE 



NPN silicon annular transistors for low-level, low- 
noise amplifier applications. 


CASE 22 

(TO-18) 

Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

2N929 

2N930 

2N929A 

2N930A 

Unit 

Collector-Emitter Voltage 

v 

CEO 

45 

60 

Vdc 

Collector-Base Voltage 

v 

CB 

45 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

6.0 

Vdc 

Collector Current 


30 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

0.5 

w 

Derate above 25°C 


3. 

33 

mW/°C 

Total Device Dissipation @ T^, = 25°C 

P D 

1.8 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating Junction Temperature Range 

T J 

-65to + 175 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 
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2N929, A, 2N930, A (continued) 


ELECTRICAL CHARACTERISTICS <t a = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


bv ceo 



Vdc 

(I c = 10 mAdc, I B = 0) 


45 

- 


Col lector -Base Breakdown Voltage 


bv cbo 



Vdc 

(I c = 10 jxA.dc, I E = 0) 

2N929A, 2N930A 

60 

- 


Emitter-Base Breakdown Voltage 


bv ebo 



Vdc 

(I E = 10 jxA.dc, I c = 0) 

2N929, 2N930 

5.0 

- 


2N929A, 2N930A 


6.0 

- 


Collector Cutoff Current 


! ceo 



nAdc 

(V CE =5.0Vdc, I B =0) 


- 

2.0 


Collector Cutoff Current 


*ces 




< V CE = 45 Vdc ' V BE = °> 

2N929, 2N930 

- 

10 

nAdc 

2N929A, 2N930A 


- 

2.0 


(V CE = 45 Vdc, V BE = 0, T A = 170»C) 

2N929, 2N930 


- 

10 

jxAdc 

2N929A, 2N930A 


- 

2.0 


Collector Cutoff Current 


! cbo 



nAdc 

(V CB - 45 Vdc, I E - 0) 

2N929, 2N930 

- 

10 


2N929A, 2N930A 


j 

2.0 


Emitter Cutoff Current 


! ebo 



nAdc 

(V BE = 5.0 Vdc , I c = 0) 

2N929, 2N930 

- 

10 


2N929A, 2N930A 


1 

2.0 



ON CHARACTERISTICS 


DC Current Gain 


h FE 



_ 

(I c = 1.0 jiAdc, V CE - 5.0 Vdc) 

2N929A 

25 

- 


2N930A 


60 

- 


(I c = 10 /xAdc, V CE = 5.0 Vdc) 

2N929, 2N929A 


40 

120 


2N930, 2N930A 


100 

300 


(I c = 10 jxAdc, V CE =5.0 Vdc, T A 

= -55°C) 2N929 


10 

- 


2N929A 


15 

- 



2N930 


20 

- 



2N930A 


30 

- 


(I c = 500 jxAdc, V CE = 5. 0 Vdc) 

2N929, 2N929A 


60 

- 


2N930, 2N930A 


150 

- 


(I c = 10 mAdc, V CE = 5. 0 Vdc) (1) 

2N929, 2N929A 


- 

350 


2N930, 2N930A 


- 

600 


Collector-Emitter Saturation Voltage 

(1) 

V CE(sat) 



Vdc 

(1^, = 10 mAdc, I 0 =0.5 mAdc) 

2N929, 2N930 

- 

1.0 


2N929A, 2N930A 



0.5 


Base-Emitter Saturation Voltage ^ 


V BE(sat) 



Vdc 

(Iq = 10 mAdc, Ig = 0. 5 mAdc) 

2N929, 2N930 

2N929A, 2N930A 

0.6 

1.0 




SMALL-SIGNAL CHARACTERISTICS 


Current- Gain— Bandwidth Product 

f T 



MHz 

(I r = 500 juAdc, V = 5. 0 Vdc, f = 30 MHz) 

U 2N929, 2N930 


30 

_ 


2N929A, 2N930A 


45 

- 


Output Capacitance 

C ob 



pF 

(V p =5.0 Vdc, I = 0, f = 1. 0 MHz) 2N929, 2N930 

* 2N929A, 2N930A 

- 

8.0 



- 

6.0 


Input Impedance 

h ib 



ohms 

(I E = 1.0 mAdc, V CB = 5.0 Vdc, f = 1.0 kHz) 

25 

32 


Voltage Feedback Ratio 

h rb 



X 10-6 

(I E = 1.0 mAdc, V CB = 5.0 Vdc, f = 1. 0 kHz) 

~ 

600 


Small-Signal Current Gain 
(I r = 1. 0 mAdc, V = 5. 0 Vdc, f = 1. 0 kHz) 

^ 2N929, 2N929A 

h fe 

60 

350 

' 

2N930, 2N930A 


150 

600 


Output Admittance 

h ob 



jxmho 

(I £ = 1.0 mAdc, V CB = 5.0 Vdc, f = 1.0 kHz) 

- 

1.0 


Noise Figure 

(I c = 10 jxAdc, V = 5.0 Vdc, 2N929, 2N929A 

R g = 10 k ohms, f = 10 Hz to 15. 7 kHz) 2N930, 2N930A 

NF 


4.0 

dB 



3.0 



Pulse Test: Pulse Width = 300 jus, Duty Cycle S 2.0%. 
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>956 


For Specifications, See 2N718A Data. 


2n960 (GERMANIUM) 

2n961 

2n962 

2N962JAN AVAI LABLE 
2N964 

2N964JAN AVAILABLE 

2N965 

2N966 



PNP germanium epitaxial mesa transistors for high- 
speed switching applications. 


CASE 22 

(TO- 18) 

Collector connected to case 

MAXIMUM RATINGS 


Characteristic 


Collector -Emitter Voltage 
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2N960 SERIES (continued) 


STORAGE TIME versus CIRCUIT RATIO 



l c /li„ CIRCUIT CURRENT RATIO 


COLLECTOR-EMITTER SATURATION VOLTAGE 
versus AMBIENT TEMPERATURE 



J? -75 -50 -25 0 +25 +50 +75 +100 

T a , AMBIENT TEMPERATURE (°C) 


ELECTRICAL CHARACTERISTICS <T A = 25°C unless otherwise noted) 


Characteristic 





Unit 

Collector -Base Breakdown Voltage 


bv cbo 


H 

■| 

Vdc 

(I = 100 MAdc, I— = O) 

2N960, 2N964 

15 

9 




2N961, 2N962, 2N965, 2N966 


12 

O 

mu 


Emitter -Base Breakdown Voltage 


bv ebo 


■ 

■ 

Vdc 

(I E = 100 MAdc, I c = O) 

2N960, 2N964 

2.5 




2N961, 2N965 


2.0 

■ 

■ 



2N962, 2N966 


1.25 

I 

mi 


Collector -Latch -up Voltage 


lv cex 


■ 

M 

Vdc 

V cc = 11. 5 Vdc 


11.5 


■ 


Collector -Emitter Cutoff Current 
(V CE = 15 Vdc) 

2N960, 2N964 

X CES 

. 

■ 

100 

/xAdc 

(V CE = 12 Vdc) 

2N961, 2N962, 2N965, 2N966 


- 

■ 

100 


Collector -Base Cutoff Current 


X CBO 




juAdc 

(V CB = 6VdC - I E= °) 


- 


3.0 

DC Current Gain 






. 

(I c = 10 mAdc, V CE =0.3 Vdc) 

2N960, 2N961, 2N962 

r E 

20 


- 


2N964, 2N965, 2N966 


40 


- 


(I c = 50 mAdc, V CE = 1 Vdc) 

2N960, 2N961, 2N962 


20 

55 

- 


2N964, 2N965, 2N966 


40 

90 

- 


(I c = 100 mAdc, V CE = 1 Vdc) 

2N960, 2N961, 2N962 


20 

50 

_ 


2N964, 2N965, 2N966 


40 

85 

- 


Collector -Emitter Saturation Voltage 


V CE(sat) 





(1^, = 10 mAdc, Ig = 1 mAdc) 

2N964, 2N965, 2N966 

_ 

0.11 

0.18 


2N960, 2N961, 2N962 


- 

0. 13 

0. 20 


(I c = 50 mAdc, I 0 = 5 mAdc) 

2N964, 2N965, 2N966 


_ 

0.18 

0.35 


2N960, 2N961 , 2N962 


- 

0. 20 

0. 40 


(I c = 100 mAdc, Ig = 10 mAdc) 

2N964, 2N965, 2N966 


_ 

0. 27 

0. 60 


2N960, 2N961, 2N962 


- 

0.30 

0. 70 


Base -Emitter Saturation Voltage 


V BE(sat) 




Vdc 

(1^ = 10 mAdc, Ig = 1 mAdc) 

All Types 

0.30 

0. 40 

0.50 


(I c = 50 mAdc, Ig = 5 mAdc) 

All Types 


0.40 

0. 55 

0.75 


(1^ = 100 mAdc, Ig = 10 mAdc) 

2N960, 2N961, 2N964, 2N965 


0. 40 

0. 65 

1.00 


2N962, 2N966 


0. 40 

0. 75 

1.25 


Current-Gain - Bandwidth Product 


f T 




MHz 

(Ig = 20 mAdc, V CB = 1. 0 Vdc, f = 

100 MHz) 

1 

300 

460 

- 
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2N960 SERIES (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Capacitance 

C ob 

H 



pF 

(V CB = 10 Vdc, Ig = 0, f = 1 MHz) 

■ 

2.2 

4.0 


Emitter Transition Capacitance 

C Te 




pF 

< V EB =1VdC > 

- 

2.0 

3.5 


Turn-On Time A 11 Types 





ns 

(I c = 10 mAdc, I B1 = 5 mAdc, V BE ^ ff j = 1.25 Vdc) 



35 

50 


(I c = 100 mAdc, I B1 = 5 mAdc, V B ^ Qff j = 1. 25 Vdc) 


- 

30 

50 


Turn-Off Time 

‘off 




ns 

(I c = 10 mAdc, I B1 = ImAdc, I B2 = 0.25 mAdc) 





2N960, 2N961, 2N964, 2N965 


- 

9 

85 


2N962, 2N966 


- 

19 

100 


(1^ = 100 mAdc, Igj = 5 mAdc, Ig 2 = 1.25 mAdc) 






2N960, 2N961, 2N964, 2N965 



50 

85 


2N962, 2N966 


- 

60 

100 


Rise Time Constant 

t RE 

- 

0.6 

- 

ns 

Hole Storage Factor 

K ’s 

- 

16 

- 

ns 

Fall Time Constant 

r FE 

- 


- 

ns 

Total Control Charge 

Or 

■ 



PC 

(I p = 10 mAdc, I R = 1 mAdc) 2N960, 2N961, 2N964, 2N965 

2N962, 2N966 


50 

80 




60 

90 


(Ip = 100 mAdc, I„ = 5 mAdc) 2N960, 2N961, 2N964, 2N965 


■ 

80 

125 


2N962, 2N966 



100 

150 



2N963 (GERMANIUM) 

2N967 



CASE 22 

(TO- 18) 

Collector 
connected to case 

MAXIMUM RATINGS 


PNP germanium epitaxial mesa transistors for high- 
speed switching applications. 


Rating 

Symbol 

Value 

Unit 

Collector -Emitter Voltage 

V CES 

12 

Vdc 

Collector -Base Voltage 

V CB 

12 

Vdc 

Total Device Dissipation @T A = 25°C 

P D 

150 

mW 

Derate above 25°C 


2.0 

mW/°C 

Total Device Dissipation @T^ = 25°C 

P D 

300 

mW 

Derate above 25°C 


4.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J’ T stg 

100 

°C 
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2N963, 2N967 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector -Base Breakdown Voltage 
(I c = 100 MAdc, I E = 0) 

bv cbo 


" 

. 

Vdc 

Emitter-Base Breakdown Voltage 
(Ig = 100 MAdc, I c = 0) 

bv ebo 

2.0 


Vdc 

Collector-Latch-up Voltage 
(V cc = 10 Vdc) 

lv cex 

10 


Vdc 

Collector Cutoff Current 
(V CE = 12 Vdc, V BE = 0) 

X CES 

- 

100 

fi Adc 

Collector Cutoff Current 

(V CE = 10 Vdc, V BE = 0.3 Vdc, T a = 55°C) 


■ 



Collector Cutoff Current 
(V CB = 6 Vdc, I E = 0) 

t cbo 

■ 

5.0 

fi Adc 

Emitter Cutoff Current 
(V be = 5 Vdc, I c = 0) 

t ebo 

- 

1.0 

mAdc 

Base Cutoff Current 

(V CE = 10 Vdc, V BE = 0.3 Vdc, T a = 55°C) 

X BL 

- 

20 

MAdc 

DC Current Gain 

(I n = 10 mAdc, V_„ = 0. 3 Vdc) 2N963 

^ 2N967 

h FE 

20 

40 

- 

- 

Collector Saturation Voltage 
(I c = 10 mAdc, Ig = 1 mAdc 


■ 

0.2 

Vdc 

Base-Emitter Saturation Voltage 
(I c = 10 mAdc, Ig = 1 mAdc) 

V BE(sat) 

0.3 

0.5 

Vdc 

Current-Gain — Bandwidth Product 

(I c = 20 mAdc, V CE = 1 Vdc, 1 = 100 MHz) 



- 

MHz 

Output Capacitance 

( V C 3 = 5 Vdc, I E = 0, f = 1 MHz) 

C ob 

■ 

5.0 



pF 

Input Capacitance 

< V B E = 1 Vdc, ! c = °. f = 100 ™z) 

c ib 

■ 



Turn-On Time 

(I c = 10 mAdc, I B1 = 1 mAdc, V BE(o(f) = 1.25 Vdc) 

‘on 

■ 

B 


Turn-Off Time 

(1^ = 10 mAdc, I B1 = 1 mAdc, Ig 2 = 1.25 mAdc) 

l off 

■ 

mm 

ns 

Total Control Charge 

(I^ = 10 mAdc, Ig = 1 mAdc) 

Or 



■ 

120 

pC 


2-129 










































COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


2N963, 2N967 (continued) 


COLLECTOR-EMITTER SATURATION VOLTAGE VOLTAGE versus TEMPERATURE CHARACTERISTICS 

versus BASE CURRENT 



l„ BASE CURRENT (mAdc) T Ai AMBIENT TEMPERATURE (°C) 


COLLECTOR LATCH-UP VOLTAGE TEST CIRCUIT 


TEKTRONIX 541 
OR EQUIVALENT 



10-mA (lc) SWITCHING TIME TEST CIRCUIT 


TYPE R SAMPLING 
RESISTOR 


280 0 20 0 -3.1 Vdc 



OR EQUIVALENT 


BASE AND COLLECTOR CUTOFF CURRENT TEST CIRCUIT 10-mA (lc) TOTAL CONTROL CHARGE TEST CIRCUIT 



NORMALIZED DC CURRENT TRANSFER RATIO 
versus COLLECTOR CURRENT 


CURRENT GAIN-BANDWIDTH PRODUCT (f T ) 
versus COLLECTOR CURRENT 
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2N964 (GERMANIUM) 

For Specifications, See 2N960 Data. 


2N964A (GERMANIUM) 



PNP germanium epitaxial mesa transistor for high- 
speed switching applications. 


CASE 22 

(TO-18) 

Collector Connected to Case 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector -Emitter Voltage 

V CEO 

7.0 

Vdc 

Collector -Base Voltage 

V CB 

15 

Vdc 

Emitter -Base Voltage 

V EB 

2.5 

Vdc 

Collector Current 

l c 

. 

100 


Total Device Dissipation @ = 25°C 

P D 

150 

mW 

Derate above 25°C 

2.0 

mW/°C 

Total Device Dissipation @ T^, = 25°C 

P D 

300 

mW 

Derate above 25°C 

4.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-65 to +100 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

ess* 

Max 

Unit 

Thermal Resistance, Junction to Case 

1 

0.25 

°C/mW 

Thermal Resistance, Case to Ambient 

9 ca 

0.5 

°C/mW 


FIGURE 1 FIGURE 2 


INPUT SIGNAL 


+ 1.25 Vdc 


tf 

-5.4 Vdc 


4 8K 

O — Vv\ VA 

200 n 

PULSE VOLTS 
INTERNAL RESISTANCE 


280 n 20 12 -3.1 Vdc 


TYPE R SAMPLING 
RESISTOR 

NOTE: 

l c = —10 mAdc 
l„ = —1 mAdc 
l„ = +0.25 mAdc 
V 0 , = +1.25 Vdc 
USE TEKTRONIX TYPE “R" 
PLUG-IN 

TEKTRONIX TYPE 581 SCOPE 
OR EQUIVALENT 



10-mA (l c ) SWITCHING TIME TEST CIRCUIT 




48 12 2 <2 5.2 Vdc 

INPUT SIGNAL 

+ 1 25 Vdc 

0 :i r 

900 a 

TYPE R SAMPLING 

1 RESISTOR 

NOTE: 

i i nn m A/4/n 

LJ 

5.7 Vdc 

10012 Vh/ 

PULSE VOLTS N 

INTERNAL RESISTANCE 

l c — -- 1UU mAuC 

1 1 1 — —5 mAdc 
l,j - 4 1.25 mAdc 

Vo. = +1.25 Vdc 

USE TEKTRONIX TYPE ‘R’’ 


PLUG-IN 

TEKTRONIX TYPE 581 SCOPE 
OR EQUIVALENT 

100-mA (l c ) SWITCHING TIME TEST CIRCUIT 
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2N964A (continued) 

ELECTRICAL CHARACTERISTICS Cr A - 25°C unless otherwise noted) 


Characteristic 





Max 

Unit 


OFF CHARACTERISTICS 


Collector -Emitter Breakdown Voltage 
(I c = 10 mAde, Ig = 0) 

■ 

bv ceo 

: 


- 

- 

Vdc 

Collector -Base Breakdown Voltage 
(I c = 100 nAdc, i E = 0) 

■ 



25 

- 


Emitter-Base Breakdown Voltage 
a E = 100 juAdc, I c = 0) 


BV EBO 

2.5 

- 

- 

Vclc 

Collector Latch-up Voltage 

3 

lv cex 

11.5 

- 

- 

Vdc 

Collector-Emitter Cutoff Current 
(V CE = 15 Vdc, V BE = 0) 


! ces 

- 


100 

pAdc 

Collector Cutoff Current 
(V C B = 6Vdc > I E =0) 


! cbo 

- 

0.4 

3.0 

pAdc 

Base Leakage Current 

< V CE = 6 Vdc ’ V BE (off) = °* ® Vdc) 

(V CE - 6 Vdc, V BE(off) = 0. 5 Vdc, Tj - 85° C) 

4 

X BL 

l 

- 

50 

4.0 

140 

pAdc 


ON CHARACTERISTICS 


DC Current Gain 

(I c = 10 mAdc, V CE = 0. 3 Vdc) 

8 

h FE 

40 

80 

_ 


(I c = 10 mAdc, V CE = 0. 3 Vdc, Tj = -55°C) 



20 

45 

- 


a c = 50 mAdc, V CE = 1 Vdc) 



48 

105 

- 


a c = 100 mAdc, V CE = 1 Vdc) 



40 

95 

- 


(I c = 100 mAdc, V CE = 1 Vdc, Tj = 85°C) 



35 

85 

- 


Collector Saturation Voltage 
(1^ = 10 mAdc, Ig = 1 mAdc) 

5 

V CE(sat) 


0.1 

0. 18 

Vdc 

(l c = 50 mAdc, Ig = 5 mAdc) 



- 

0. 16 

0. 28 


(l c = 100 mAdc, Ig = 10 mAdc) 



- 

0. 22 

0.4 


Base-Emitter Saturation Voltage 

6 

V BE (sat) 




Vdc 

(1^ = 10 mAdc, Ig = 1 mAdc) 


0.3 

0. 38 

0. 44 


(1^ = 50 mAdc, Ig = 5 mAdc) 



0.4 

0. 48 

0. 58 


(1^ = 100 mAdc, Ig = 10 mAdc) 



0.4 

0.6 

0. 72 



DYNAMIC CHARACTERISTICS 


Current -Gain — Bandwidth Product 

a E = 20 mAdc, V CB = 1 Vdc, f = 100 MHz) 


f T 

300 

460 

- 

MHz 

High-Frequency Current Gain 

(I c = 20 mAdc, V CE = 1 Vdc,f = 100 MHz) 


h fe 

3.0 

4.6 

- 

- 

Output Capacitance 

( V CB = 1 Vdc, I E , = 0, f = 1 MHz) 

11 

C ob 


2.7 

5.0 

pF 

( V CB = 10 Vdc, I E = 0, f = 1 MHz) 



- 

2.2 

4.0 


Input Capacitance 

(V be = 1 Vdc, I c = 0, f = 100 kHz) 

11 

C ib 

■ - 

2.0 

3.5 

pF 

Delay Time Plus Rise Time 
(I c = 10 mAdc) 

Mi 

■ 


■ 


1 

(1^ = 100 mAdc) 


1 

- 

1 


II 

Storage Time Plus Fall Time 
(I c = 10 mAdc) 



] 




(1^, = 100 mAdc) 


1 


1 



Active Region Time Constant 
(1^, = 10 mAdc) 

B 

t a 

_ 


1.5 





- 

50 

75 
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Ic, COLLECTOR CURRENT (mAdc) 


2N964A (continued) 


2N964A LIMIT CURVES 


FIGURE 3-AREA OF PERMISSIBLE LOAD LOCI 



FIGURE 4-COMMON EMITTER DC LEAKAGE CHARACTERISTICS 



-0.5 0 0.5 1.0 1.5 2.0 


V OB , BASE-EMITTER REVERSE BIAS (VOLTS) 


+ 0.5 Vdc 



BASE LEAKAGE CURRENT TEST CIRCUIT 


Base Leakage Current. I BI is defined as base leakage 
current with both junctions reverse biased. I t . is 
always less than I BL for V ()B > V T . (V OB is off condi- 
tion base bias, V T is base voltage at threshold of 
conduction.) 


note: Limit Curves are based on periodic engineering evaluation. Production Tests are made at points 
indicated in the Electrical Characteristics Table. 
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2 N 964 A (continued) 


2N964A LIMIT CURVES 



0.2 0.3 0.5 1.0 2 3 5 10 20 30 50 

l„ BASE CURRENT (mAdc) 



1 2 5 10 20 50 100 

l c , COLLECTOR CURRENT (mAdc) 


FIGURE 7-TEMPERATURE CO EFFICIENTS 



lc, COLLECTOR CURRENT (mAdc) 


FIGURE 8-CURRENT GAIN CHARACTERISTICS 



note: Limit Curves are based on periodic engineering evaluation. Production Tests are made at points 
indicated in the Electrical Characteristics Table. 
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S, STORAGE TIME FACTOR (NORMALIZED t',/T Cft ) F, FA ll TIME FACTOR (NORMALIZED t ,/T A /3 C ) R ' R,SE TIME FACT0R (NORMALIZED t,/ T A P f ) 


2N964A (continued) 


2N964A LIMIT CURVES 

FIGURE 9— SWITCHING TIME CURVES FOR RESISTOR COUPLED CIRCUITS 


9a— RISE TIME FACTOR 



1.5 2 5 10 20 

/3o//3f 


9b— ACTIVE REGION TIME CONSTANT 



2 5 10 20 50 100 

l C( COLLECTOR CURRENT (mAdc) 


9c— FALL TIME FACTOR 



.02 .05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 


/3o / Pc 

9(1— STORAGE TIME 



ACTIVE REGION TIME CONSTANT TEST CIRCUIT 



SWITCHING TIME EQUATIONS 


RISE-TIME = t r =7 a/ 3 f R 
FALL-TIME = t f =Ta/ 3 c F 
STORAGE TIME — t' t =T C *S 
t r = 10 to 90% rise-time 
t, -- 10 to 90% fall-time 
t, = t', +Vs t f 

T C r = the effective collector recov- 
ery time and is virtually un- 
influenced by current levels. 
20 ns typical and 60 ns 
maximum for this transistor. 


Ta = active region time constant 
T a =T re ^Tf E (Figure 9b) 

/3 0 = h FE at edge of saturation 
(/3o «=* h FE on Figure 8) 

= l c in saturation/ l BI (base "on” 
current) 

p c = | c in saturation/l B2 (base “off” 
current) 

R see Figure 9a 
F see Figure 9c 
S see Figure 9d 



note: Limit Curves are based on periodic engineering evaluation. Production Tests are made at points 
indicated in the Electrical Characteristics Table. 
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Q t , MAXIMUM TOTAL CONTROL CHARGE (pico-coulombs) 


2N964A (continued) 


2N964A LIMIT CURVES 

FIGURE 10— TOTAL CONTROL CHARGE 



0.2 0.5 0.7 1.0 2.0 5.0 7.0 10 

l B , BASE CURRENT (mAdc) 

10a 


•Adjust V„ for -5.4 volt pulse at point A 
15 PF 



MAX 

10b 


Total Control Charge. When a transistor is held in a conduc- 
tive state by a current, I B1 , a charge Q s is developed in the 
active region. A charge Q T of opposite polarity, equal in 
magnitude, can be stored on an external capacitor C to 
neutralize the internal charge and considerably reduce the 
turn-off time of the transistor. Figure 10b shows the test 
circuit and turn-off waveform. Given Q T from Figure 10a, 
the external C for worst case turn-off in any circuit is: 
C = Q X /AV, where AV is defined in Figure 10b. 


FIGURE 11- JUNCTION CAPACITANCE VARIATIONS 


S 

z» 

5 

5 



0 2 4 6 8 10 

REVERSE BIAS (VOLTS) 


noti: Limit Curves are based on periodic engineering evaluation. Production Tests are made at points 
indicated in the Electrical Characteristics Table. 
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2N965 (GERMANIUM) 

2N966 

For Specifications, See 2N960 Data. 


2N967 (GERMANIUM) 

For Specifications, See 2N963 Data. 


2n968 thru 2N975 (GERMANIUM) 


CASE 22 

(TO- 18) 



Collector connected to case 


PNP germanium mesa transistors for high-speed 
switching applications. 


MAXIMUM RATINGS 


Rating 

Symbol 


2N969 

2N973 

2N970 

2N974 

2N971 

2N975 

Unit 

Collector -Emitter Voltage 

V CES 

15 

12 

12 

7.0 

Vdc 

Collector-Base Voltage 

V 

V CB 

15 

12 

12 

7.0 

Vdc 

Emitter-Base Voltage 

V EB 

2.5 

2.0 

1.25 

1.25 

Vdc 

Total Device Dissipation @ T A = 25°C 

P D 


150 


mW 

Derate above 25°C 



2.0 


mW/°C 

Total Device Dissipation @ T c = 25°C 

P D 


300 


mW 

Derate above 25°C 



4 

0 


mW/°C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +100 

°C 
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2N968 thru 2N975 (continued) 


NORMALIZED D.C. CURRENT GAIN 
versus COLLECTOR CURRENT 


CURRENT GAIN-BANDWIDTH PRODUCT (f r ) 
versus COLLECTOR CURRENT 



O.l 0.2 0.5 1.0 1 2.0 5 10 20 50 100 

l c , COLLECTOR CURRENT (mAdc) 



l c> COLI ECTOR CURRENT (mAdc) 


COLLECTOR SATURATION VOLTAGE versus AMBIENT TEMPERATURE 


STORAGE TIME versus CIRCUIT CURRENT RATIO 



75 -50 -25 0 +25 +50 +75 +100 

T A , AMBIENT TEMPERATURE (°C) 



5 10 15 20 

l c /l„, CIRCUIT CURRENT RATIO 


ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector -Base Breakdown Voltage 


bv cbo 




Vdc 

(I c = 100 MAdc, I E =0) 

2N968,2N972 

15 

25 



2N969, 2N970, 2N973, 2N974 


12 

20 




2N971.2N975 


7.0 

15 



Emitter-Base Breakdown Voltage 


bv ebo 


■ 

B 

Vdc 

(I E = 100 MAdc, I c = 0) 

2N968,2N972 

2.5 




2N969, 2N973 


2.0 





2N970,2N974 


1.25 


’ 1 ^ v '' lj " JPjjp 



2N971, 2N975 


1.25 

1 



Collector Cutoff Current 


X CES 


■ 


juAdc 

(V CE = 15 Vdc, V BE =0) 

2N968, 2N972 



100 

(V CE = 12 Vdc, V BE = 0) 

2N969, 2N970, 2N973, 2N974 




100 


(v CE = vvdc, v BE = o) 

2N971, 2N975 


■ 

B 

100 


Collector Cutoff Current 
(V CB = 6 Vdc, I E = 0) 


X CBO 

■ 

B 


/xAdc 

2N968, 2N969, 2N970, 




3.0 



2N972, 2N973, 2N974 




3.0 



2N971.2N975 




10 
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2N968 thru 2N975 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

Min 

[ Typ | 

Max 

Unit 


ON CHARACTERISTICS 


DC Current Gain 

OL = 10 raAdc, V„_ = 0. 5 Vdc) 2N968, 2N969, 2N970, 2N971 

2N972, 2N973, 2N974, 2N975 

(t c = 25 mAdc, V„_ = 0. 7 Vdc) 2N968, 2N969, 2N970, 2N971 

2N972, 2N973, 2N974, 2N975 

h FE 

H 

35 

75 

40 

85 

1 

1 

Collector-Emitter Saturation Voltage 
(l c = 10 mAdc, Ig = 1 mAdc) 

([^ = 25 mAdc, Ig = 1. 5 mAdc) 

V CE(sat) 

■ 

0. 19 

0.25 

0.25 

0.5 

Vdc 

Base-Emitter Saturation Voltage 

(U = 10 mAdc, I R = 1 mAdc) 2N968, 2N969, 2N972, 2N973 

2N970, 2N971, 2N974, 2N975 

OU = 25 mAdc, I R = 1. 5 mAdc) 2N968, 2N969, 2N972, 2N973 

2N970, 2N971, 2N974, 2N975 

V BE (sat) 

0. 30 
0.30 

0.39 

0. 43 

0. 45 

0. 60 


Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

f rp 

— 



MHz 

Oj. = 10 mAdc, V CB = 1 Vdc, i = MHz) 

T 

250 

320 

- 


Collector Output Capacitance 

C ob 

H 



PF 

(V CB = 10 Vdc, I E = 0, f = 1 MHz) 

■ 

4.0 

9.0 

Emitter Transition Capacitance 

C Te 




PF 

(V EB = lVdc, I c =0) 

H 


- 


Turn-On Time 

t 




ns 

(V BE(off) - 1.25 Vdc, I c = 10 mAdc, I B1 = 1 mA) 

on 

■ 




2N968, 2N969, 2N972, 2N973 



50 

75 


2N970, 2N971, 2N974, 2N975 



65 

100 


Turn-Off Time 

t 

jm 



ns 

G c = 10 mAdc, I B1 = 1 mAdc, I B2 * 0. 25 mAdc) 

off 


■B 



2N968, 2N969 



: 



2N972,2N973 


■ ■ 

Wm 



2N970, 2N971, 2N974, 2N975 



II 



Total Control Charge 

Qt 

■ 



PC 

(U = 10 mAdc, I R = 1 mAdc) 2N968, 2N969, 2N972, 2N973 

2N970, 2N971, 2N974, 2N975 


75 

100 




80 

150 


(U = 25 mAdc, I R = 1. 5 mAdc) 2N968, 2N969, 2N972, 2N973 

2N970, 2N971, 2N974, 2N975 



90 

175 



| 

175 

300 
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PNP SILICON 
AMPLIFIER 
TRANSISTOR 


PNP SILICON ANNULAR TRANSISTOR 

. . . designed for general-purpose amplifier applications. 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 20 Vdc (Min) @ Iq = 100 mAdc 



'MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

20 

... 

Vdc 

Col lector- Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltate 

V EB 

5.0 

Vdc 

Collector Current 

'c 

600 

mAdc 

Total Device Dissipation @Ta = 25°C 

Pd 

0.33 

Watt 

Derate above 25°C 

2.64 

mW/°C 

Total Device Dissipation ©Tq^ 25°C 

Pd 

1.25 

Watts 

Derate above 25°C 

10 

mW/°C 

Operating and Storage Junction 

TjTstg 

-65 to + 200 

°C 


Temperature Range 


’Indicates JEDEC Registered Data 




Pin 1. Emitter 

2. Base 1 

3. Collector 


0. d55~T ^N 



Collector Connected to Case 
CASE 22 (1) 

(TO-18) 






2N978 (continued) 


"ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min | Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage^) 

(l C = 100 mAdc, 1 b = 0) 

VCEO(sus) 

20 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 1.0 mAdc, l E = 0) 

BVcbO 

30 

- 

Vdc 

Collector Cutoff Current 
<V C b= 10 Vdc, l E = 0 
(V CB = 10 Vdc, l E = 0, T A = 1 50°C) 

O 

CD 

O 

1 1 



Emitter Cutoff Current 
(V EB = 1.0 Vdc, lc = 0) 

•ebo 

— 

200 

/uAdc 

ON CHARACTERISTICS 

DC Current Gain<1) 

(l C = 30 mAdc, V CE = 10 Vdc) 

(lC = 150 mAdc, Vq E - 10 Vdc) 

h FE 

15 

15 

60 


Collector-Emitter Saturation Voltage 
(l C = 150 mAdc, 1 b = 1 5 mAdc) 

v CE<sat) 

- 

1.5 

Vdc 

Base-Emitter Saturation Voltage 

Oc =150 mAdc, lg = 15 mAdc) 

v BE(sat) 

— 

1.5 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(V C b = 10 Vdc, l E = 0, f = 1.0 MHz) 

C 0 b 

- 

45 

PF 

Small-Signal Current Gain 

(l c = 50 mAdc, V C e = 10 Vdc, f = 20 MHz) 

hfe 

2.0 

- 

— 


* Indicates JEDEC Registered Data. 

H )pulse T est: Pulse Width = 300 /us. Duty Cycle = 1 .0%. 
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2n985 (GERMANIUM) 



Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

15 

Vdc 

Collector- Emitter Voltage 

v CEO 

7.0 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 


Collector Current 


Junction Temperature 

t j 

100 

°c 

Storage Temperature 

T stg 

-65 to +100 

°c 

Device Dissipation 




@ T r = 25°C 

P D 

300 

mW 

V 

Derate above 25°C 

4.0 

mW/°C 

Device Dissipation 




@ T A = 25°C 

P D 

150 

mW 

Derate above 25°C 

2.0 

mW/°C 





SWITCHING TIME TEST CIRCUIT 

O V cc = -10.3V 





100 O < 

.. 

+ 1.25V-. 

h-F- - 


i 

O Vour 

OSCILLOSCOPE RISE TIME 


lKfi 


TOTAL COLLECTOR SHUNT 

-5.5 V 

1 1 


\ /^Ts 1 

Ct CAPACITANCE ^ 6 pF 


















2N985 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector-Base Breakdown Voltage 
(I c = 100 juAdc, l£ = 0) 

bv cbo 

15 

— 

Vdc 

Collector- Emitter Breakdown Voltage 
(I C = 5 mAdc, I B = 0) 

bv ceo 

7.0 


Vdc 

Collector-Emitter Breakdown Voltage 
(Ic = 100 jj Adc, R be = 0) 

bv ces 

15 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 100 ju Adc, Ic = 0) 

bv EBO 

3.0 

— 

Vdc 

Collector Cutoff Current 
(V CB = 5 Vdc, I E = 0) 

*CBO 

— 

3.0 

H Adc 

Emitter Cutoff Current 
(V EB = 3 Vdc, Ic = 0) 

X EBO 

— 

100 

ju Adc 

DC Current Gain 

(IC = 10 mAdc, V CE = 0.25 Vdc) 

h FE 

40 

— 

— 

(IC = 100 mAdc, V C£ = 0.5 Vdc) 


60 

— 


Collector Saturation Voltage 
(I c = 10 mAdc, Ig = 0.5 mAdc) 

V CE(sat) 

— 

0.15 

Vdc 

(I c = 100 mAdc, I B = 5 mAdc) 


— 

0.30 


Base- Emitter Voltage 
(I c = 10 mAdc, Ig = 0.5 mAdc) 

V BE 

0.28 

0.40 

Vdc 

(I c = 100 mAdc, I B = 5 mAdc) 


0.40 

0.60 


Small Signal Current Gain 
(Vcje = 2 Vdc, Ic = 30 mAdc, f = 100 mhz) 

l h tel 

3.0 

— 

— 

Collector Output Capacitance 
(Vcb = 5 Vdc, I E = 0, f = 1 MHz) 

C ob 

— 

6.0 

PF 

Turn-on Time 

(I c = 10 mAdc, I B i = 5 mAdc, V BE ^ = 1.25 Vdc) 

*on 

— 

35 

ns 

Turn-off Time 

(Ic = 10 mAdc, Igi = 5 mAdc, Ig2 = l- 25 mA ) 

*off 

— 

80 

ns 


2N 995 (SILICON) 


For Specifications, See 2N869 Data. 
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2n996 (SILICON) 


PNP SILICON ANNULAR TRANSISTOR 


. . . designed for general-purpose amplifier applications. 


• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 12 Vdc (Min) @ Iq = 10 mAdc 

• Collector-Base Breakdown Voltage — 

BVcbO = 15 Vdc (Min) @ \q = lOjuAdc 

• Emitter-Base Breakdown Voltage — 

BVebO = 4.0 Vdc (Min) @ l£ = lOjuAdc 


^MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

12 

Vdc 

Collector-Base Voltage 

V CB 

15 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current 

'c 

200 

mAdc 

Total Device Dissipation @ T/\ = 25°C 

PD 

360 

mW 

Derate above 25° C 


2.06 

mW/°C 

Total Device Dissipation @Tc = 25°C 

Pd 

1.2 

Watts 

Derate above 25°C 


6.86 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj'^stg 

-65 to +200 

°C 

* Indicates JEDEC Registered Data. 





PNP SILICON 
TRANSISTOR 




— — 0.100 



Collector Connected to Case 
CASE 22(1) 

(TO-18) 
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2N996 (continued) 


•ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage! 1) 

(l C = lOmAdc, 1 B = 0) 

v CEO(sus) 

12 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = lOjuAdc, l E = 0) 

bv CBO 

15 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10/uAdc, l c = 0) 

bv EB o 

4.0 

— 

Vdc 

Collector Cutoff Current 
(V C b= 10 Vdc, l E = 0) 

( V CB = 1 0 Vdc, 1 E = 0, T A = 1 50°C) 

•CBO 

- 


1 

Emitter Cutoff Current 
<V BE = 4.0 Vdc, l C = 0) 

'EBO 

— • 

10 

^Adc 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 20 mAdc, V C E = 1 0 Vdc) 

h F E 

35 

- 

— 

Collector-Emitter Saturation Voltage 
(lC = 60 mAdc, l B = 2.0 mAdc) 

v CE(sat) 

- 

0.3 

Vdc 

Base-Emitter Saturation Voltage 
(lC = 20 mAdc, l B = 2.0 mAdc) 

v BE(sat) 

— 

0.95 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product(2) 

(l C = 10 mAdc, V C E = 10 Vdc, f = 100 MHz) 

*T 

100 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, 1 E = 0, f = 1 00 kHz to 1 .0 MHz) 

C 0 b 

— 

10 

pF 


‘Indicates JE DEC Registered Data. 

(1) Pulse Test: Pulse Width <1300 fis, Duty Cycle ^2.0%. 

(2) f T js defined as the frequency at which |hf e | extrapolates to unity. 
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2n998 (SILICON) 



CASE 20(8) 

(TO-72) 


Darlington amplifier containing two NPN silicon an- 
nular transistors is designed for applications requiring 
very high-gain, low-noise, and high-input impedance. 


B, 



MAXIMUM RATINGS 


Rating 

Symbol 

2N998 

Unit 

Collector-Emitter Voltage 

v 

v CEO 

60 

Vdc 

Collector-Base Voltage 

V C B 

100 

Vdc 

Emitter-Base Voltage 

V EB 

15 

Vdc 

Collector Current 

*C 

500 

mAdc 

Total Device Dissipation @ T A = 25°C 

P D 

0.5 

Watt 

Derate above 25°C 


2.86 

mW/°C 

Total Device Dissipation @ T^ = 25°C 

P D 

1.8 

Watts 

Derate above 25°C 


10.3 

mW/°C 

Operating Junction Temperature 

t j 

+200 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°C 
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2N998 (continued) 


ELECTRICAL CHARACTERISTICS <t a = 25 c uni... noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(Ic = 30 mAdc, I B = 0) 

BV CEO(sus) 

60 

— 

Vdc 

Collector- Base Breakdown Voltage 
(Ic = 100 MAdc, I E = 0) 

bv CBO 

100 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 100 MAdc, I c = 0) 

bv ebo 

15 


Vdc 

Collector Cutoff Current 
(V CB = 90 Vdc, I E = 0) 

^BO 



0.01 

MAdc 

(V C b = 90 Vdc, I E = 0, T A = 150°C) 


— 

15 


Emitter Cutoff Current 
<v BE = 10 Vdc, Ic - 0) 

X EBO 

— 

0.01 

MAdc 


ON CHARACTERISTICS 


DC Current Gain < 1 ) 

(I c = 1 mAdc, V CE = 5 Vdc) 

h FE 

800 



— 

(IC = 10 mAdc, V CE = 5 Vdc) 


1,600 

8,000 


(I c = 100 mAdc, V CE = 5 Vdc) 


2,000 

— 


(Ic = 10 mAdc, Vc E = 5 Vdc, measured 
across each transistor within the device) 


25 

i 

- 



DYNAMIC CHARACTERISTICS 


Output Capacitance 
(V C b = 10 Vdc, I E = 0, f = 140 kHz) 

C ob 


30 

pF 

Input Capacitance 

( y BE = °- 5 Vdc, Ic = 0, f = 140 kHz) 

c ib 

- 

50 

pF 

Small-Signal Current Gain 
(Ic = 1 mAdc, V C £ = 5 Vdc, f = 1 kHz) 

h fe 

1,000 

— 

— 

Noise Figure** 

(I C = 0.1 mAdc, V CE = 10 Vdc, H s = 5 kohms, 
f = 1 kHz, Bandwidth = 200 Hz) 

NF** 

- 

6.0 

dB 


d) Pulse Test: Pulse Width = 300 n s, Duty Cycle = 1% 

♦♦Measured with constant current supply o f 20 /zAdc connected to the emitter of the input transistor. (See Figure 1) 


FIGURE 1 - NOISE-FIGURE TEST CIRCUIT 
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2n1008,A,B (GERMANIUM) 

2N1008B JAN AVAILABLE 


PNP germanium transistor for audio driver andmed- 
YV ium speed switching applications. 

ca ?tI?, ,(,) V 

All leads isolated 

MAXIMUM RATINGS 



ELECTRICAL CHARACTERISTICS Ha = 25°C unless otherwise noted) 
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2n101 1 (GERMANIUM) 



CASE 1 1 

(TO-3) 


PNP germanium power transistor for general 
purpose power amplifier and switching applications in 
military and industrial equipment. Operating temper- 
ature range and power dissipation exceed military 
specifications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N1011 

Unit 

Collector -Emitter Voltage 

V CEO 

40 

Vdc 

Collector -Emitter Voltage 

v 

V CES 

80 

Vdc 

Collector -Base Voltage 

V 

CB 

80 

Vdc 

Emitter -Base Voltage 

V EB 

40 

Vdc 

Collector Current 

*c 

5.0 

Adc 

Total Device Dissipation @ T r = 25°C 

P D 

90 

Watts 

0 

Derate above 25 C 


1.2 

w/°c 

Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-65 to + 100 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

6 JC 

0.8 

°c/w 







































2N1011 (continued) 


ELECTRICAL CHARACTERISTICS (T C = 25°c unless otherwise noted). 


Characteristic 

Symbol 

Minimum 

Maximum 

Unit 

‘DC Current Transfer Ratio 

V CE = 2 V 

I c = 1.0 Adc 

h FE 


150 

■ 

DC Current Transfer Ratio 

V CE = 2 V 

I c = 3.0 Adc 

h FE 

30 

75 

■ 

Small- Signal Current Transfer Ratio 

Cutoff Frequency 

V CE = 2 Vdc 

Iq = 3 Amp 

*ae 

5.0 


kHz 

Emitter- Base Cutoff Current 

V EB = 40 Vdc 

I C = o 

J EBO 


3.0 

■ 

Collector- Base Cutoff Current 

V CB = 2 Vdc 

I E = 0 

^BO 


200 

/iAdc 

Collector- Base Cutoff Current 

V C b = 80 Vdc 

l£= o 

X CBO 


15.0 

mAdc 

Base Current 

V CE = 2 Vdc 

I c = 1 Adc 

% 

6.7 


mAdc 

Base Current 

V CE = 2 Vdc 

Iq = 3 Adc 

l B 

40 

100 

mAdc 

Emitter- Base Voltage 

V rF = 2 Vdc 

Ic= 3 Adc 

V EB 


2.0 

Vdc 

Floating Potential 

v Cb = 50 Vdc 

(Voltmeter input resistance 
= 10 Megohm min) 

v fi 

: 

1.0 

Vdc 

Collector- Emitter Saturation Voltage 

I c = 3 Adc 

I B = 200 mAdc 

V CE(SAT) 


1.5 

Vdc 

Collector- Emitter Voltage 

Ip = 300 mAdc 

%= 0 




Vdc 

Collector- Emitter Voltage 

I c = 300 mAdc 

V EB = 0 


80 


Vdc 

High- Temperature Operation 

T^ = +90°C min 

Collector Cutoff Current 

V CB = 30 Vdc 
= 0 

J C BO 

— 

20 

mAdc 
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2n1021 (GERMANIUM) 

2n1022 



CASE 11 

(TO-3) 


PNP germanium power transistors for industrial and 
general purpose power amplifier and switching appli- 
cations. 


MAXIMUM RATINGS (T C = 25 °C unless otherwise noted) 


Rating 

Symbol 

2N1021 

2N1022 

Unit 

Collector-Base Voltage 

V CB 

100 

120 

Volts 

Collector- Emitter Voltage 

V CEX 

100 

120 

Volts 

Collector-Emitter Voltage 

V CEO 

50 

Volts 

Emitter-Base Voltage 

V EB 

30 

Volts 

Collector Current 


5.0 

Amp 

Operating Junction and Storage 
Temperature Range 

T J’ T stg 

' 

-65 to + 110 

°C 

Total Device Dissipation @ T^ = 25°C 

P D 

85 

Watts 

Derate above 25°C 


1 

0 

... - j 

W/°C 


@Ta @Tc 


POWER-TEMPERATURE DERATING CURVE 




0 25 50 75 100 110 125 


TEMPERATURE (°C) 
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2N1021, 2N1022 (continued) 


ELECTRICAL CHARACTERISTICS (T C - 25°Cjjnles^wherwi S e noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector-Base Cutoff Current 
(V CB = 50 Vdc) 

2N1021 

*CBO 


1 

mAdc 

(V CB = 60 Vdc) 

2N1022 


— 

E9 


(V CB = 100 Vdc) 

2N1021 


— 

2.0 


(V CB = 120 Vdc) 

2N1022 


— 

2.0 


(V CB = 50 Vdc, T c = + 55°C) 

2N1021 


— 

8.0 


(V CB = 60 Vdc, T c = + 55°C) 

2N1022 


— 

8.0 


Collector-Emitter Breakdown Voltage* 

(Iq = 200 mAdc) 

bv ceo* 

50 

B 

Vdc 

Emitter-Base Cutoff Current 
(V £B = 10 Vdc) 


*EBO 

B 

0.5 

mAdc 

(V £B = 30 Vdc) 



B 

2.0 


Base-Emitter Voltage 
(V CE = -1.5 Vdc, I c = 1.0 Adc) 

V BE 

B 

3.0 

Vdc 

Collector-Emitter Saturation Voltage 
(I c = 5 Adc, I B = 500 mAdc) 

V CE(sat) 

1 

0.5 

Vdc 

DC Current Gain 
(I c = 1 Adc, V CE = 1.5 Vdc) 


h FE 

40 

B 

— 

(^ = 3 Adc, V CE = 1.5 Vdc) 



35 

si 


(I c = 5 Adc, V CE = 1.5 Vdc) 



30 

90 


(I c = 7 Adc, V CE = 1.5 Vdc) 



22 

— 


Input Impedance 
(Ic = 1.0 Adc, V CE = 1.5 Vdc) 

h ie 

B 

28 

ohms 

Current Gain- Bandwidth Product 
(Ic = 1.0 Adc, V CE = 2 Vdc) 


200 

B 

kHz 


♦Sweep Test: 1/2 sine wave, 60 Hz . 
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2N 1038 thru 2 n1041 (GERMANIUM) 

2n2552 thru 2n2559 


PNP GERMANIUM MEDIUM POWER TRANSISTORS 

. . . designed for relay drivers, pulse amplifiers, audio amplifiers and 
high-current switching applications. 

• High Current Capability - lc = 3.0 Amperes 

• Guaranteed Excellent Collector-Emitter Sustaining Voltage 

• 20-Watt Power Dissipation at 25°C Case T emperature 

• 100°C Maximum Junction Temperature 


^MAXIMUM RATINGS 


Rating 


Symbol 


2N1038 

2N2552 

2N2556 


2N1039 

2N2553 

2N2557 


2N1040 
2 N 25 54 
2N2558 


2N1041 

2N2555 

2N2559| 


Collector-Emitter Voltage 


v CEO 


50 


Collector-Base Voltage 


V CB 


40 


100 


Emitter-Base Voltage 


V EB 


Collector Current — Continuous 


Base Current — Continuous 


Total Device Dissipation @T/\ = 25°C 
Derate above 25°C 


PD 


450 

6.0 


mW 

mW/°C| 


Total Device Dissipation @Tc = 25°C 
Derate above 25°C (Note 1 ) 


PD 


- 20 - 
-0.267- 


Watts 

W/°C 


Operating and Storage Junction 
Temperature Range 


TjTstg 


°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

3.75 

°C/W 

'Indicates JEDEC Registered Data. 

Note 1 : Case Temperature shall be measured 0.100 + 0.010 inches above the 


seating plane. 

"Motorola guarantees this data in addition to the JEDEC 
Registered Data shown. 




PNP GERMANIUM 
POWER TRANSISTORS 

40-100 VOLTS 
20 WATTS 




2-153 





2N1038 thru 2N1041/2N2552 thru 2N2559 (continued) 


* ELECTRICAL CHARACTERISTICS (Tc — 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 


V CEO(sus) 



Vdc 

(I c = 100 mAdc, I = 0) 

2N1038, 2N2552, 2N2556 


30 

- 



2N1039, 2N2553, 2N2557 


40 

- 



2N1040, 2N2554, 2N2558 


50 




2N1041, 2N2555, 2N2559 


60 

- 


Collector Cutoff Current 


I 



mAdc 

(VcE^SVdc, I B ,= 0) 

2N1038, 2N2552, 2N2556 

CEO 

- 

25 


< V CE= 20 Vdc ' 

2N1039, 2N2553, 2N2557 


- 

20 


(V ce =25 Vdc, I B = 0) 

2N1040, 2N2554, 2N2558 


- 

20 


(V CE =30Vdc, I B =0) 

2N1041, 2N2555, 2N2559 


- 

20 


Collector-Emitter Cutoff Current 





mAdc 

<V CE =40Vdc, V BE(ofJ) =0.2Vdc) 

2N1038, 2N2552, 2N2556 


- 

0.65 


(V CE =6° v dc, V BE(off) =0.2Vdc) 

2N1039, 2N2553, 2N2557 


- 

0.65 


(V CE = 80 VdC ' V BE(off) = °- 2VdC) 

2N1040, 2N2554, 2N2558 


- 

0.65 


(V CE = 100Vdc, V BE(oft) =0.2Vdc) 

2N1041, 2N2555, 2N2559 


- 

0.65 


(V CE =20Vdc ' V BE(off) =0 ' 2VdC ’ T C =85 ° C) 

2N1038, 2N2552, 2N2556 


- 

5.0 


(V C E-3° v dc, V BE(off) =0.2Vdc, T C =85°C) 

2N1039, 2N2553, 2N2557 


- 

5.0 


(V CE =40Vdc, V BE(off) =0..2Vdc, T C =85”C) 

2N1040, 2N2554, 2N2558 


- 

5.0 


< V CE =50Vdc > V BE(o[t) =0.2Vdc, T C =85°C) 

2N1041, 2N2555, 2N2559 


- 

5.0 


Collector Cutoff Current 


Vnn 



ju Adc 

(V cb = 20 Vdc, I E =0) 

2N1038, 2N2552, 2N2556 


- 

125 


(V cb = 30 Vdc, I E =0) 

2N1039, 2N2553, 2N2557 


- 

125 


(V CB = 40 Vdc, I E = 0) 

2N1040, 2N2554, 2N2558 


- 

125 


(V CB = 50 Vdc, I E =0) 

2N1041, 2N2555, 2N2559 


- 

125 


♦*(V CB = 40 Vdc, I E = 0) 

2N1038, 2N2552, 2N2556 


- 

750 


♦*(V CB =60 Vdc, I E =0) 

2N1039, 2N2553, 2N2557 


- 

750 


♦♦(V CB =80 Vdc, I E =0) 

2N1040, 2N2554, 2N2558 


- 

750 


♦*(V CB = 100 Vdc, I E =0) 

2N1041, 2N2555, 2N2559 


- 

750 


Emitter Cutoff Current 





/iAdc. 

(V BE = 20 Vdc, I c = 0) 


IjDW 

- 

650 



ON CHARACTERISTICS 


DC Current Gain 
(I c = 50 mAdc, V CE = 0. 5 Vdc) 

(I c = 1.0 Adc, V CE = 0.5 Vdc) 

h FE 

33 

20 

200 

60 

' 

Collector-Emitter Saturation Voltage 
(I- = 1.0 Adc, I„ - 100 mAdc) 

V CE(sat) 

- 

0. 25 

Vdc 

Base -Emitter Input Voltage 
(I c = 1.0 Adc, V CE =0.5 Vdc) 

V BE 

- 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Small -Signal Current Gain 

(I~ = 500 mAdc, V ^ = 1.5 Vdc, f = 1. 0 kHz) 
c US 

h fe 

18 

72 

- 

Small -Signal Current Gain 
(I c = 500 mAdc, V CE = 1. 5 Vdc, f = 112. 5 kHz) 

l h fel 

2.0 

- 

- 


♦Indicates JEDEC Registered Data. 

♦♦Motorola Guarantees this data in addition to the JEDEC Registered Data Shown. 
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2N 1 042 thru 2 n1 045 (GERMANIUM) 
2n2560 thru 2n2567 


PNP GERMANIUM MEDIUM POWER TRANSISTORS 

. . . designed for relay drivers, pulse amplifiers, audio amplifiers and 
high-current switching applications. 

• High Current Capability - \q = 3.5 Amperes 

• Guaranteed Excellent Collector-Emitter Sustaining Voltage 

• 20-Watt Power Dissipation at 25°C Case Temperature 

• 100°C Maximum Junction Temperature 


* MAXIMUM RATINGS 


Rating 


Symbol 


2N1042 

2N2560 

2N2564 


2N1043 

2N2561 

2N2565 


2N1044 

2N2562] 

2N2566 


[2N1045 

2N2563 

2N2567 


Collector-Emitter Voltage 


v CEO 


Collector-Base Voltage 


V CB 


Emitter-Base Voltage 


V EB 


Collector Current — Continuous 


>C 


Base Current - Continuous 


Total Device Dissipation @ T/\ = 25°C 
Derate above 25°C 


PD 


450 

6.0 


mW 

mW/°C 


T otal Device Dissipation @ Tq = 25°C 
Derate above 25°C (Note 1 ) 


PD 


- 20 - 
-0.267- 


Watts 

W/°C 


Operating and Storage Junction 
Temperature Range 


T J' T stg 


- -65 to +100 


°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0jc 

3.75 

°C/W 


* Indicates JEDEC Registered Data. 

Note 1 : Case Temperature shall be measured 0.100 ± 0.010 inches above the 
seating plane. 

‘Motorola guarantees this data in addition to the JEDEC Registered Data shown. 


PNP GERMANIUM 
POWER TRANSISTORS 

40-100 VOLTS 
20 WATTS 
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2N1042 thru 2N1045/2N2560 thru 2N2567 (continued) 

^ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


I Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 


VcEO(sus) 



Vdc 

(l C = lOOmAdc, l B = 0) 

2N 1 042, 2N 2560.2N 2564 


30 

— 



2N 1 043.2N2561 ,2N2565 


40 

— 



2N 1 044.2N 2562, 2N 2566 


50 

— 



2N 1 045, 2N 2563, 2N2567 


60 

- 


Collector Cutoff Current 


'CEO 



mAdc 

(V C e = 15 Vdc, l B = 0) 

2N1042,2N2560,2N2564 


- 

25 


(V ce = 20 Vdc. I b = 0) 

2N 1 043, 2N 2561, 2N 2565 


- 

20 


(V C e = 25 Vdc, l B = 0) 

2N 1 044, 2N 2562, 2N 2566 


- 

20 


(VcE = 30 Vdc, l B = 0) 

2N 1045, 2N 2563, 2N 2567 


- 

20 


Collector-Emitter Cutoff Current 


'CEX 



mAdc 

(V C E = 40 Vdc, V BE ( off) - 0.2 Vdc) 

2N1042.2N2560.2N2564 


- 

0.65 


(V C E = 60 Vdc, V BE ( off ) = 0.2 Vdc) 

2N1043.2N2561.2N2565 


- 

0.65 


(V CE = 80 Vdc, V BE(off ) = 0.2 Vdc) 

2N1 044, 2N2562.2N 2566 


- 

0.65 


(V CE = 100 Vdc, V BE(off ) = 0.2 Vdc) 

2N1045.2N 2563, 2N 2567 


- 

0.65 


( V C e = 20 Vdc, V BE ( 0 ff) = 0.2 Vdc, T c = 85°C) 

2N 1 042.2N 2560.2N2564 


- 

5.0 


(V C E = 30 Vdc, V BE ( off ) = 0.2 Vdc, T c = 85°C) 

2N 1 043, 2N 2561 ,2N2565 


- 

5.0 


(Vqe = 40 Vdc, V BE ( off ) = 0.2 Vdc, T c = 85°C) 

2N1044,2N2562,2N2566 


- 

5.0 


(V C e = 50 Vdc, V BE (off) = 0.2 Vdc, T c = 85°C) 

2N1045,2N2563,2N2567 


- 

5.0 


Collector Cutoff Current 

. 

*CBO 



juAdc 

(V CB = 20 Vdc, l E = 0) 

2N 1 042.2N 2560, 2N 2564 


- 

125 


(V CB = 30 Vdc, l E =0) 

2N 1 043, 2N 2561, 2N 2565 


- 

125 


(V CB = 40 Vdc, l E =0) 

2N 1044, 2N 2562, 2N 2566 


- 

125 


(V C B = 50 Vdc, l E =0) 

2N 1 045, 2N2563.2N 2567 

i 

- 

125 


**<V CB = 40 Vdc, l E = 0) 

2N1042,2N2560,2N2564 


- 

750 


**(V CB = 60 Vdc, l E =0) 

2N 1 043, 2N 256 1,2N 2565 


- 

750 


**(V CB = 80 Vdc, l E =0) 

2N1 044, 2N 2562, 2N 2566 


- 

750 


**(Vcb = 100 Vdc, l E =0) 

2N1045,2N2563,2N2567 


- 

750 


Emitter Cutoff Current 


1 

'EBO 

- 

650 

juAdc 

(V BE = 20 Vdc, l C = 0) 







ON CHARACTERISTICS 


DC Current Gain 
(l C = 50 mAdc, V C e = 0.5 Vdc) 

(l C = 1-0 Adc, V CE = 1.0 Vdc) 

(l C = 3.0 Adc, V CE = 1.0 Vdc) 

h F £ 

50 

20 

150 

60 


Collector-Emitter Saturation Voltage 

v CE(sat) 


mm 


(l C = 10 Adc, l B = lOOmAdc) 


- 

mBm 


(lC = 3.0 Adc, l B = 300 mAdc) 


- 

WM 


Base-Emitter Input Voltage 

VBE 

- 

1.5 


(l c = 3.0Adc, V CE = 1.0 Vdc) 






SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Current Gain 
(l C = 500 mAdc, V CE = 1.5 Vdc, f = 1.0 kHz) 

hfe 

25 

100 

- 

Small-Signal Current Gain 
(l c = 500 mAdc, V CE = 1.5 Vdc, f = 125 kHz) 

|hf e l 

2.0 


— ■ 


"indicates JEDEC Registered Data. 

* "Motorola Guarantees this data in addition to the JEDEC Registered Data Shown. 
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2N 1073, A, B (GERMANIUM) 



FNP germanium power transistors for high-voltage 
power switching applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N1073 

2N1073A 

2N1073B 

Unit 

Collector- Emitter Voltage 

V CER 

40 

80 

120 

Vdc 

Collector-Base Voltage 

V CB 

40 

80 

120 

Vdc 

Emitter-Base Voltage 

V EB 

1.5 

1.5 

1.5 

Vdc 

Collector Current (Cont) 


10 

10 

10 

Amp 

Base Current (Cont) 

l B 

5.0 

Amp 

Emitter Reverse Current 
(Surge 60 cps Recurrent) 

l E 

1.5 

Amp 

Storage and Operating 
Temperature 

I st s 

Tj 

-65 to +110 

°C 

Collector Dissipation 
(25°C Mtg. Case Temp.) 

P D 

85 

Watts 


POWER-TEMPERATURE DERATING CURVE 


100 


2 60 
| 40 

£ 20 



r 85 WATTS MAX 




















> 

— 110°C 

rvZ -J 


25 50 75 100 

T c , CASE TEMPERATURE (°C) 


The maximum continuous power is related to 
maximum junction temperature by the thermal 
resistance factor. This curve has a value of 85 
watts at a case temperature of 25°C and is 0 
watts at 110'C with a linear relation between 
the two temperatures such that: 

Allowable P D = Q - — Watts 


2N1073 



SAFE OPERATING AREAS - PULSE CONDITIONS 
2N1073A 2N1073B 




10 20 30 40 50 60 70 


90 100 110 120 


0 10 20 30 40 0 10 20 30 40 50 60 70 80 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate lc — (Duty cycle of the excursions make no significant 

Vce limits below which the device will not go into change in these safe areas.) To insure operation 

secondary breakdown. Collector load lines for spe- below the maximum Tj, the power-temperature 

cific circuits must fall within the applicable Safe derating curve must be observed for both steady 

Area to avoid causing a collector-emitter short. state and pulse power conditions. 
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2N1073, A, B (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector -Base Cutoff Current 


^BO 




mAdc 

(V CB = 25 Vdc, I E = 0) 

2N1073 

- 

- 

1.0 


(V cb = 25 Vdc, I E =0, T c =85°C) 

2N1073 


- 

- 

15 


(V CB = 40 Vdc, I £ = 0) 

2N1073 


- 

- 

20 


(V CB = 60 Vdc, I E = 0) 

2N1073A 


- 

- 

1.0 


(V CB = 60 Vdc, I E = 0, T c = 85° C) 

2N1073A 


- 

- 

15 


(V CB = 80 Vdc, I E = 0) 

2N1073A 


- 

- 

20 


(V CB = 100 Vdc, I E = 0) 

2N1073B 


- 

- 

2.0 


(V CB = 100 Vdc, I E = 0, T c = 85° C) 

2N1073B 


- 

- 



(V CB = 120 Vdc, I E = 0) 

2N1073B 


- 

- 

20 


(V CB = 2. 0 Vdc, I E = 0) 



- 

- 

0. 3 


Emitter-Base Leakage Current 



■ 

■ 



(V EB = 0. 75 Vdc) 


H 

B 



Emitter Floating Potential 


v 

V EBF 




Vdc 

(V CE = 40 Vdc) 

2N1073 

- 

- 

1.0 


(V CE = 80 Vdc) 

2N1073A 


- 

- 

1.0 


(V CE = 120 Vdc) 

2N1073B 


- 

- 

1.0 


Collector-Emitter Breakdown Voltage* 


bv cer‘ 


■ 

mm 

Vdc 

(I = 50 mAdc, R = 100Q) 

2N1073 

40 

■ 

■ 



2N1073A 


80 





2N1073B 


120 

1 

■ 


DC Current Gain 


h FE 




- 

(I c = 5. 0 Adc, V CE = 2. 0 Vdc) 


20 

- 

60 


Small-Signal Current Gain 


h, 

fe 

1 


■ 

B9B 

(I c = 0. 5 Adc, V CE = 12 Vdc, f = 30 kHz) 


1 


B 

■ 

Base Input Voltage 



■ 

■ 



(V c£ = 2.0 Vdc, I c = 5. 0 Adc) 


B 

B 



Collector -Emitter Saturation Voltage 



■ 



BffB 

(I c = 5.0 Adc, I B = 0. 5 Adc) 


1 



1 

Rise Time 

t 

r 

- 

^^1 

B 

on 

Storage Time 

t 

s 

- 

1.2 

- 

MS 

Fall Time 


- 

2.0 

• - 

MS 


*To avoid excessive heating of collector junction, perform this test with a sweep method. 


COLLECTOR CURRENT versus BASE CURRENT 




0 0.5 1.0 1.5 

V ie , BASE-EMITTER VOLTAGE (VOLTS) 


2-158 













2N1073, A, B (continued) 



0 2 * 4 6 8 10 12 

l c , COLLECTOR CURRENT (AMP) 



+ 0.3 + 0.2 + 0.1 0 - 0.1 - 0.2 - 0.3 

V, t( BASE-EMITTER VOLTAGE (VOLTS) 


SWITCHING TEST CIRCUIT 



2N 1099 (GERMANIUM) 

For Specifications, See 2N277 Data. 


2N 1100 (GERMANIUM) 

For Specifications, See 2N174 Data. 
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2N 1120 (GERMANIUM) 


PNP germanium power transistor for military and 
industrial power applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N1120 

Unit 

Collector -Emitter Voltage 

v 

v CEO 

40 

Vdc 

Collector -Emitter Voltage 

V CES 

70 

Vdc 

Collector -Base Voltage 

v 

V CB 

80 

Vdc 

Emitter -Base Voltage 

V EB 

40 

Vdc 

Emitter Current 

*E 

15 

Adc 

Total Device Dissipation @ = 25°C 

P D 

90 

Watts 

Derate above 25°C 


1.2 

w/°c 

Operating Junction Temperature Range 

T J 

-65 to + 100 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

e JC 

0.8 

°c/w 


CASE 4-04 
(TO-41) 



POWER-TEMPERATURE 
DERATING CURVE 



0 20 40 60 80 100 

T^., Case Temperature (°C) 
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2N1 120 (continued) 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector -Emitter Breakdown Voltage 
(I c = 300 mAdc, Ig = 0) 

bv ceo 

40 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(I c = 300 mAdc, V BE = 0) 

bv ces 

70 

- 

Vdc 

Floating Potential 

(V CB = 80 Vdc, I E = 0) 

V EBF 

- 

1.0 

Vdc 

(Voltmeter Input Resistance = 10 meg. min. ) 





Collector Cutoff Current 
(V CB = 2 Vdc, I E = 0) 

r CBO 

- 

0.3 

mAdc 

(V CB = 30 Vdc, I E = 0) 



20 


(V CB = 80 Vdc, I E = 0) 


- 

15 


Emitter Cutoff Current 
(V BE = 40 Vdc, I c = 0) 

! ebo 

- 

5.0 

mAdc 

Base Current 

(V CE = 2 Vdc, I c = 5 Adc) 

*b 

50 

- 

mAdc 

(V CE = 2 Vdc, I c = 10 Adc) 


200 

500 



ON CHARACTERISTICS 


DC Current Gain 

(I c = 5.0 Adc, V CE = 2.0 Vdc) 

h FE 

- 

100 

- 

(I c = 10.0 Adc, V CE = 2.0 Vdc) 


20 

50 


Collector-Emitter Saturation Voltage 

(I c = 10 Adc, I B = 1.0 Adc) 

V CE(sat) 

- 

1.0 

Vdc 

Base -Emitter Saturation Voltage 
(I c = 10 Adc, I B = 1.0 Adc) 

V BE(sat) 

- 

D 

Vdc 

Base-Emitter On Voltage 
(l c = 10 Adc, V CE = 2 Vdc) 

V BE(on) 

■ 

2.0 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Common-Emitter Cutoff Frequency 

f 



kHz 

(l c = 5.0 Adc, V CE = 2.0 Vdc) 


3.0 

- 
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2N 1131 (SILICON) 

2IM 1 1 3 1 JAN A VA I LAB LE 


2n1131A 

2n1991 


PNP SILICON ANNULAR TRANSISTORS 

. . . designed for medium-speed switching and amplifier applications 
where low DC current gain is essential. 

• Low DC Current Gain — 

hpE = 45 (Max) @ l C = 150 mAdc - 2N1 131, A 

• Turn-On Time - t on = 45 ns (Max) — 2N1 131 A 

• Turn-Off Time - t 0 ff = 35 ns (Max) — 2N1 131 A 


MAXIMUM RATINGS 


Rating 

Symbol 

2N1131 

2N1131A 

2N1991 

Unit 

Collector-Emitter Voltage 

v CEO 

35 

40 

20 

Vdc 

Collector-Emitter Voltage 

V CER 

50 

50 

- 

Vdc 

Collector-Base Voltage 

V CB 

50 

60 

30 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

5.0 

5.0 

Vdc 

Collector Current — Continuous 

>c 

600 

600 

600 

mAdc 

Total Device Dissipation @Ta = 25°C 

PD 

0.6 

0.6 

0.6 

Watt 

Derate above 25°C 


4.0 

4.0 

4.8 

mW/°C 

Total Device Dissipation @Tc = 25°C 

Pd 

2.0 

2.0 

2.0 

Watts 

@T C =100°C 


1.0 

1.0 

1.0 

Watt 

Derate above 25° C 


13.3 

13.3 

16 

mW/°C 

Operating Junction Temperature Range 

Tj 

175 

175 

150 

°C 

Storage Temperature Range 

Tstg 

-65 to +200 

-65 to 
+ 150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

2N1 131, A 

2N1991 

Unit 

Thermal Resistance, Junction to Case 

0JC 

75 

62.5 

°C/W 

Thermal Resistance, Junction to Ambient 

^ JA 

250 

208 

°C/W 


’Indicates JEDEC Registered Data. 


PNP SILICON 
AMPLIFIER 
AND 

SWITCHING 

TRANSISTORS 


2N1131 

2N1131A 



_ 0.350 ^ 
070 

L— .0.315_»J 

r-i 


o’l25 

LJ 

0.240 

0T2T0 



CASE 79 (1) 

TO -39 010 0T P ' ■ 

Collector Connected o .100 
to Case 



FIGURE 1 - SWITCHING TIME TEST CIRCUIT - 2N1131A 



CONDITIONS: 

Vcc = -15 Volts Vp = -7.5 Volts 
Vbb = 1.5 Volts Pulse Width = 150 ns 


90% y 

U- 


td + tr 


3 : 


90% 

10 % 
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2N1131, 2N1131A, 2N1991 (continued) 

•ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 

Characteristic | Symbol I Min I Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage! D 

Oc = 100 mAdc, l B = 0) 

2N1131 

2N1131A 

2N1991 

VcEO!sus) 

35 

40 

20 

- 

Vdc 

Collector-Emitter Sustaining Voltage! 1 ) 

Oc = 100 mAdc, R BE ^ 10 ohms) 

2N1131, 2N1131A 

VCER(sus) 

50 

— 

Vdc 

Collector-Base Breakdown Voltage 
(l C = 100 juAdc, l E = 0) 

2N1131A 

bv CBO 

mm 

_ 

Vdc 

Oc = 1.0 mAdc, l E = 0) 

2N1991 


■■ 

- 


Emitter-Base Breakdown Voltage 
(l E = 1.0 mAdc, lc = 0) 

2N1131A 

bvebo 

5.0 

- 

Vdc 

Collector Cutoff Current 
(V C b = 30 Vdc, l E = 0) 

2N1131 

•CBO 

_ 

1.0 

juAdc 

(V C b = 30 Vdc, l E = 0, T a = +150°C) 

2N1131 


- 

100 


(V C b = 50 Vdc, l E = 0) 

2N1131 


- 

100 


(V C b = 45 Vdc, l E = 0) 

2N1131A 


- 

0.5 


(V C b = 45 Vdc, l E = 0, T a = +150°C) 

2N1131A 


- 

50 


(V C b = 10 Vdc, l E = 0) 

2N1991 


- 

5.0 


(V C b = 10 Vdc, l E = 0, T a = +1 50°C) 

2N1991 


- 

200 


Emitter Cutoff Current 
(V BE = 2.0 Vdc, l C = 0) 

2N1131 

•ebo 

_ 

100 

juAdc 

(V BE = 5.0 Vdc, l c = 0) 

2N1131A 


- 

100 


(V BE = 1.0 Vdc, l C = 0) 

2N1991 


- 

200 



ON CHARACTERISTICS 


DC Current Gain 

(l C = 5.0 mAdc, V C e = 10 Vdc) 2N1131, 2N1131A 

(l C = 30 mAdc, V C E “10 Vdc) 2N1991 

(l C = 150 mAdc, V CE - 10 Vdc) 2N1131, 2N1131A 

2N1991 

h FE 

15 

15 

20 

15 

45 

60 


Collector-Emitter Saturation Voltage 

OC = 150 mAdc, l B = 15 mAdc) 

VCE(sat) 

- 

1.5 

Vdc 

Base-Emitter Saturation Voltage 

(l C = 150 mAdc, l B = 15 mAdc) 2N1131, 2N1131A 

2N1991 

v BE(sat) 

- 

1.3 

1.5 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product(2) 

(IQ = 50 mAdc, V C E = 10 Vdc, f = 20 MHz) 

2N1131, 2N1131A 
2N1991 

Output Capacitance 

(Vcb = 10 Vdc, l E = 0, f = 140 kHz) 

(Vc B = 10 Vdc, l E = 0, f = 1.0 MHz) 

2N1131, 2N1991 

2N1131A 

Input Capacitance 

(V EB = 0.5 Vdc, l C = 0, f = 140 kHz) 

(V EB = 0.5 Vdc, 1 C = 0, f = 1.0 MHz) 

2N1131 

2N1131A 

Input Impedance 

(l C = 1 .0 mAdc, V C E = 5 0 Vdc, f = 1 .0 kHz) 

OC = 5.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 

2N1131, 2N1131A 

2N1131, 2N1131A 

Voltage Feedback Ratio 
(l C = 1.0 mAdc, V C E = 5.0 Vdc, f = 1.0 kHz) 

Oc = 5.0 mAdc, Vce = 1° Vdc, f = 1.0 kHz) 

2N1131, 2N1131A 

2N1131, 2N1131A 

Small-Signal Current Gain 

(l C = 1.0 mAdc, V C E = 5.0 Vdc, f = 1.0 kHz) 

0 C = 5.0 mAdc, V C e = 10 Vdc, f = 1.0 kHz) 

2N1131, 2N1131A 

2N1131, 2N1131A 

Output Admittance 

OC = 1 -0 mAdc, V C E = 5.0 Vdc, f = 1 .0 kHz) 

Oc = 5.0 mAdc, Vce = 1° Vdc, f = 1.0 kHz) 

2N1131, 2N1131A 

2N1131, 2N1131A 

SWITCHING CHARACTERISTICS (Figure 1) 

Turn-On Time 

2N1131A 

Turn-Off Time 

2N1131A 

* Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width < 300 jus. Duty Cycle <2.0%. 

(2) f j is defined as the frequency at which |hf e | extrapolates to i 

unity. 
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ail 132, A (SILICON) 

For Specifications, See 2N722 Data 


2N 1141 thru 2N 1143 (GERMANIUM) 

2N1142 JAN AVAILABLE 

2n1195 

2N1 195 JAN AVAILABLE 



PNP germanium mesa transistors for amplifier, 
driver, oscillator and doubler applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N1141 

2N1142 

2N1143 

2N1195 

Unit 

Collector -Base Voltage 

■ 

V CB 

35 

30 

25 

30 

Vdc 

Emitter -Base Voltage 

1 

V EB 

1.0 

0.7 

0.5 

1.0 

Vdc 

Collector Current -Continuous 

*c 

100 

100 

100 

40 

mAdc 

Base Current 

l B 

50 

50 

50 

- 

mAdc 

Emitter Current-Continuous 

h 

100 

100 

100 

- 

mAdc 

Total Device Dissipation @ T A = 25°C 

P D 


300 

'' ..-'V 

- 

mW 

Derate above 25°C 


US 

4.0 


- 

mW/°C 

Total Device Dissipation @ T^ = 25°C 

P D 

750 


750 

- 

mW 

Derate above 25°C 


10 

m 

10 

- 

mW/°C 

Collector Dissipation @ T^ = 25°C 

p c 

- 

- 

H 

225 

raW 

Derate above 25°C 


- 

- 

mm 

3.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 


-65 to +100 


°C 
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2N1 141-2N1 143, 2N1195 (continued) 


TRANSISTOR SELECTION CHART 


TYPE 

Minimum BV clo 
@| c = — 100/tAdc, l e = 0 

Typical 1 00 MHz Noise Figure 
@ V CE = — lOVdc. l e = ImAdc 

R $ = 7K2 

Minimum h,. 

@l c = — lOmAdc, V C6 = 
— lOVdc, f = 100 MHz 


35 Vdc 

30 Vdc 

25 Vdc 

4.0 db 

4.5 db 

5.0 db 

12 db 

10 db 

8 db 

2N1141 

n 



D 



D 



2N1142 


D 



D 



D 





D 



D 



n 

2N1195 


D 


D 



D 




ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 


OFF CHARACTERISTICS 


Collector -Base Breakdown Voltage 






Vdc 

(I c = 100 /iAdc, I £ = 0) 

2N1141 

CBO 

35 

45 

_ 


2N1142 


30 

45 

_ 



2N1143 


25 

45 

_ 



2N1195 


30 

45 

- 


Emitter-Base Breakdown Voltage 


bv ebo 




Vdc 

a E = 100/zAdc, I c =0) 

2N1141 

1.0 

1.3 

_ 



2N1142 


0.7 

1.3 

_ 



2N1143 


0.5 

1.3 

_ 



2N1195 


1.0 

1.3 

- 


Collector Cutoff Current 


t cbo 




fiAdc 

< V CB ’ 15 Vdc > h = 0) 


- 

0.5 

5.0 

o' 

II 

h w 

> 

o 

CM 

II 

PQ 



- 

0.5 

5.0 


Emitter Cutoff Current 


X EBO 




juAdc 

(V BE = 0> 5 Vdc > ! C = 0) 


- 

0.2 

- 


ON CHARACTERISTICS 


DC Current Gain 

(I c = 10 mAdc, v CE = 10 Vdc) 

2N1141, 2N1142, 2N1143 

h FE 

10 

25 


- 

fl c = 10 mAdc, V CE = 10 Vdc) 

2N1195 


- 

25 

- 


Collector -Emitter Saturation Voltage 
(I^, = 50 mAdc, Ig = 10 mAdc) 

2N1141, 2N1142, 2N1143 

V CE(sat) 


0. 185 

2.0 

Vdc 

(1^ = 50 mAdc, Ig = 10 mAdc) 

2N1195 


- 

0. 185 

- 



2-165 























2N1 141-2N1 143, 2N1195 (continued) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

SMALL-SIGNAL CHARACTERISTICS 

Common-Base Cutoff Frequency 

ab 



wmm 

MHz 

ff c = 10 mAdc, V CE = 10 Vdc) All Types 

1 

1000 

I 


Collector Transition Capacitance 


■ 

Mi 


pF 

(V rrt = 10 Vdc, I_ = 0, f = 1 MHz) 2N1141 

2N1142, 2N1143, 2N1195 

TC 


I 

1.5 



mm 

- 


Emitter Transition Capacitance 

C Te 

■ 


■ 

pF 

(V be = 0. 5 Vdc, I c = 0, f = 1 MHz) All Types 

Hi 

2.5 

mm 

Small -Signal Current Gain 

(I r = 10 mAdc, V pF = 10 Vdc, f = 100 MHz) 

2N1141, 2N1195 

h fe 

12 

IH 

■ 

■ 

2N1142 


10 



1 : 9 

2N1143 


8.0 

18 



Small-Signal Current Gain 

(I r = 10 mAdc, V pR = 10 Vdc, f = 1 kHz) 

2N1141, 2N1142, 2N1143 

h fb 


0. 98 


- 

2N1195 


0. 96 

0. 98 



Output Admittance 

= 10 mAdc, V rR = 10 Vdc, f = 1 kHz) 

2N1141, 2N1142, 2N1143 

h ob 


10 

H 


2N1195 



10 



Input Impedance 

CU = 10 mAdc, V rn = 10 Vdc, f = 1 kHz) 

2N1141, 2N1142, 2N1143 

h ib 

■ 

3.6 

■ 

Ohms 

2N1195 



3.6 

10 


Voltage Feedback Ratio 

(I r = 10 mAdc, V rn = 10 Vdc, f = 1 kHz) 

2N1141, 2N1142, 2N1143 

h rb 


0,0013 


■ 

2N1195 


- 




Collector-Base Time Constant 





ps 

(1 F = 3 mAdc, V rn = 10 Vdc, f = 30 MHz) 


■ 



All Types 


HUH 


mu 


Extrinsic Base Resistance 

r K 




Ohms 

(I r = 10 mAdc, V__, = 10 Vdc, £ = 250 MHz) 

C CE 2N1141 

b 


65 

70 


2N1142 


_ 

80 

_ 


2N1143 


- 


„■ 


2N1195 


- 

65 

80 


Collector Series Resistance 

r f 




Ohms 

(I E = 10 mAdc, V CB = 10 Vdc) All Types 

C 


2.0 

■ - 

Noise Figure 

([„ = 0. 8 mAdc, Vp F = 5 Vdc, R q = 300 ohms, f = 4. 5 MHz) 

0 2N1141, 2N1195 

NF 




dB 

2N1142 


_ 


- 


2N1143 

(1„ = 1 mAdc, V n „ = 10 Vdc, R c = 75 ohms, f = 100 MHz) 

CE S 2N1141 


' 


- 



- 

4.0 

- 


2N1142, 2N1195 


- 

4.5 

_ 


2N1143 

( = 1 mAdc, V n „ = 10 Vdc, R Q = 50 ohms, f = 200 MHz) 

E CE S 2N1141 


“ 

5.0 

- 



- 

5.5 

. 


2N1142, 2N1195 


_ 

6.0 

_ 


2N1143 


- 

6.5 

- 


Oscillator Efficiency 

77 



■ 

— 

(V rv = 20 Vdc, l n - 10 mAdc, f = 400 MHz) 




■ 

■ 

C 2N1141 


- 

20 

■ 


2N1142 


- 

18 



2N1143 


_ 

12 



2N1195 


- 

18 


1 
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FREQUENCY (I moo 


SMALL SIGNAL CURRENT GAIN (h fe 
versus COLLECTOR CURRENT 









A 


fl 

m 


wm 


urn 



"f = 100 MHz - 
T A — 25°C 


12 14 16 


l C( COLLECTOR CURRENT (mAdc) 


NORMALIZED h F i 
versus AMBIENT TEMPERATURE 


h H NORMALIZED TO 25° C 
I V« = -10Vdc | 
l- 1 || c = — lOmAdc ( 


-75 -50 -25 0 25 50 

T a , AMBIENT TEMPERATURE (°C) 


NOISE FIGURE (ob) 




2n1 162 thru 2Nl 1 67 (GERMANIUM) 
2N1162A thru 2N1167A 


PNP germanium power transistors for switching and 
amplifier applications in high reliability equipment. 



CASE 11 A 

(TO-3 modified) 


2N1162, A 
2N1164, A 
2N1166, A 



CASE 4-04 
(TO-41) 


2N1163, A 
2N1165, A 
2N1167, A 


MAXIMUM RATINGS 


Apply also to standard, non-A series 


Rating 

Symbol 

2N1162A 

2N1163A 

2N1164A 

2N1165A 

2N1166A 

2N1167A 

Units 

Collector-Base Voltage 

V 

CB 

50 

80 

100 

Vdc 

Collector- Emitter Voltage 

v 

CES 

35 

60 

75 

Vdc 

Emitter -Base Voltage 

V EB 

25 

40 

50 

Vdc 

Total Device Dissipation @ 25°C 

Derate above 25° C 

P D 

106 

1.25 

Watts 

w/°c 

Operating and Storage 

Junction Temperature Range 

m 

-65 to +110 

°c 
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P D , POWER DISSIPATION (WATTS) 


2N1162 thru 2N1 167 (continued) 


GROUP A ELECTRICAL CHARACTERISTICS <T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector Cutoff Current 

! cboi 




mA 

(V CB = V CB (maX| > = °) 

— 

i3. 0 

15 


Collector Cutoff Current 

r CBO 





(V CB = 2V > 'e' 0 ’ 

— 

125 

225 

m a 

( V CB = 15 v, I E = 0, T c = 90°C) 2N1162A-3A* 


— 

10 

20 

mA 

( V CB = 30 V, I £ =0, T c = 90°C) 2N1164A-7A* 


— 

10 

20 

mA 

Collector- Emitter Breakdown Voltage** 

aV CES 




Vdc 

(I r = 500 mA, V = 0) 2N1 162A-3A* 

C 2N1 164A-5A* 

35 

. — 

— 



60 

— 

— 


2N1166A-7A* 


75 

— 

— 


Emitter Cutoff Current 

^BO 




m A 

(V EB = 12 V ’ >C = 0) 

— 

0.5 

1.2 


DC Forward Current Gain 






< V CE - 1 V, I c = 25 A) 

h FEl 

15 

25 

— 

jHH K 

< V CE = 2 V - <C = 5 a) 

h FE 

— 

65 

125 


Collector- Emitter Saturation Voltage 
(I c = 25 A, I B = 1. 6 A) 

V CE(sat) 

— 

0.3 

0.8 

volts 

Base- Emitter Saturation Voltage 
(I C = 25A, I b = 1.6A) 

V BE(sat) 

— 

0.7 

1.7 

volts 

Common Emitter-Cutoff Frequency 

f 




kHz 

(V CE = 2 V, I c = 2 A) 

cne 

— 

4.0 

— 



♦Characteristics apply also to corresponding, non- A type numbers 
♦♦Sweep Method: 1/2 cycle sine wave, 60 Hz 


SWITCHING CHARACTERISTICS (Typical) 


Saturated Collector 
Current 

Pulsed Drive Base Current 

Response times in 

On 

Off 

f d + t r 



5 amp 

330 mA 

100 mA 

li 

5.0 

17 

10 amp 

660 mA 

200 mA 

15 

4.0 

20 

25 amp 

1650 mA 

500 mA 

19 

3.0 

18 



25 50 75 100 125 

T Cf CASE TEMPERATURE (°C) 


70 


2-1 










































































I c , COLLECTOR CURRENT (AMP) l c , COLLECTOR CURRENT (AMP) 


2N1162 thru 2N1167 (continued) 


FIGURE 2 - ACTIVE REGION SAFE OPERATING AREAS 

The active region safe operating 
area curves indicate I C -V CE limits 
to be observed in order to avoid 
secondary breakdown. (Secondary 
breakdown is independent of tem- 
perature and duty cycle.) These 
curves do not define operation in 
the avalanche region. To insure 
operation below the maximum 
junction temperature, power de- 
rating must be observed for both 
steady state and pulse conditions. 



0 10 20 30 40 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 




V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


LARGE SIGNAL CHARACTERISTICS 


FI6URE 3 - TRANSCONDUCTANCE 


FIGURE 4 — INPUT ADMITTANCE 



0 0.2 0.4 0.6 0.8 1.0 


V Bi , BASE-EMITTER VOLTAGE (VOLTS) 
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h FEl OC CURRENT GAIN 


2N1162 thru 2N1167 (continued) 




lo COLLECTOR CURRENT (AMP) V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2-172 





2n1175 


FOR SPECIFICATIONS, SEE 2N1413-2N1415 DATA. 


2n1 185 thru 2Nl 1 88 (GERMANIUM) 



PNP germanium transistors for high-gain audio ampli- 
fier and switching applications. 


MAXIMUM RATINGS 


— 

Rating 

Symbol 

Value 

Unit 

Collector -Base Voltage 

V CB 


Vdc 

2N1185 

45 


2N1186-2N1188 


60 


Collector -Emitter Voltage 

V CER 


Vdc 

2N1185 

30 


2N1186-2N1188 


45 


Emitter -Base Voltage 

V EB 

30 

Vdc 

Collector Current* 

l r 

500* 

mAdc 

(Continuous) 




Storage and Operating Temperature 

T . , T t 
stg* J 

-65 to +100 

°C 

Collector Dissipation in, Ambient 

P D 

200 

mW 

(Derate 2.67 mW/°C above 25° C) 




Thermal Resistance 

«JA 

0.375 

°C/mW 

Junction to Ambient 



Thermal Resistance 

e jc 

0.250 

°C/mW 

(Junction to Case) 




♦Limited by power dissipation 
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2N1 185 thru 2N1 188 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


S 


Characteristic 

Collector-Base Cutoff Current 


(V CB = 30 V, I E = 0) 

2N1185 

(VcB = 45 V, I E = 0) 

2N1186 thru 2N1188 

(V CB = 60 V, I E = 0) 

2N1186 thru 2N1188 

(V C B = 10 V, I E = 0, T a = +71°C) 

All Types 


Emitter -Base Cutoff Current 

< v eb = 30v > i c = 0) 

Collector-Emitter Leakage Current 
(V C E = 30 V, R be = 10 K) 

(V CE = 45 V, R be = 10 K) 


2N1185 

2N1186 thru 2N1188 


Noise Figure 

(V CE = 4. 5 V, I E = 0. 5 mA, 
R g = 1 K, f = 1 kHz, Ai = 1 Hz) 

Small Signal Current Gain Cutoff 
Frequency 

< v cb = 6V - 'e = 1 mA > 


Input Impedance 

(V CB = 6 V, I E = 1 mA, £ = 1 kHz) 


Output Admittance 

(V CB = 6 V > * E = 1 m ' A > f = 1 kHz) 


Small Signal Current Gain 

( V CE = 6 V, I E = 1 mA, f - 1 kHz) 


DC Current Transfer Ratio 
( y CE = L0V . I c = 10 mA) 


2N1185 

2N1186 

2N1187 

2N1188 


2N1185 

2N1186 

2N1187 

2N1188 


2N1185 

2N1186 

2N1187 

2N1188 


2N1185 

2N1186 

2N1187 

2N1188 


2N1185 

2N1186 

2N1187 

2N1188 



Collector -Emitter Punch-Thru Voltage 


v 

(V = 1.0 V, 

2N1185 

pt 

r 

VTVM Impedance ^1 M ohm) 

2N1186 thru 2N1188 


Output Capacitance 


C ob 

< v cb = 6v - 



Max 

Unit 

10 

10 

50 

100 

/iAdc 
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, COLLECTOR CURRENT (MILLIAMPERES) PERCENT OF h f . AT 25°C 


2N1 185 thru 2N1 188 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristics 

Base -Emitter Input Voltage 
(V CE = 1.0V, I c =10mA) 

2N1185 

2N1186 

2N1187 

2N1188 

Collector -Emitter Saturation Voltage 

(Ic = 50 mA, Ig = 1.0 mA) 

2N1185 

(Ic = 50 mA, Ig = 2. 5 mA) 

2N1186 

(I c = 50 mA, I B = 1. 67 mA) 

2N1187 

(I c = 50 rpA, I B = 1.25 mA) 

2N1188 

Collector -Emitter Saturation Voltage 

(l£ = 100 mA, Ig = 2. 0 mA) 

2N1185 

(Iq = 100 mA, Ig = 5. 0 mA) 

2N1186 

(I c = 100 mA, Ig= 3.33 mA) 

2N1187 

(Ic = 100 mA, Ig = 2. 5 mA) 

2N1188 



SMALL SIGNAL CURRENT GAIN(h f .) versus TEMPERATURE POWER-TEMPERATURE DERATING CURVE 



T,, JUNCTION TEMPERATURE (°C) TEMPERATURE (°C) 


OUTPUT CURRENT versus BASE DRIVE VOLTAGE 



V BE , BASE-EMITTER VOLTAGE (VOLTS) 


DC CURRENT TRANSFER RATIO versus COLLECTOR CURRENT 



l c , COLLECTOR CURRENT (MILLIAMPERES) 
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2n 1 1 89 2Nl 1 90 (GERMANIUM) 


CASE 31(1) 

{ 10 - 5 ) 

All leads isolated 


MAXIMUM RATINGS 



PNP germanium transistors for high-gain audio am- 
plifier and switching applications. 


Rating 


Symbol 


Value 


Unit 


Collector -Base Voltage 


CB 


45 


Vdc 


Collector -Emitter Voltage 


CER 


30 


Vdc 


E mitte r - Base V oltage 


EB 


15 


Vdc 


Collector Current 
(Continuous) 


500* 


mAdc 


Junction, Storage Temperature 


T J- T Stg 


-65 to +100 


Collector Dissipation, Ambient 
(Derate 2. 67 mW/° C above 25° C) 


200 


mW 


Thermal Resistance 
(Junction to Ambient) 


+JA 


0.375 


5 C/mW 


Thermal Resistance 
(Junction to Case) 


^JC 


0.250 


5 C/mW 


♦Limited by power dissipation. 


ELECTRICAL CHARACTERISTICS (T A = 25°c unless otherwise noted 


Characteristic 

Symbol 

Min 

Typ 

Max | 

Unit 

Collector-Base Cutoff Current 
( V CB = 30 Vdc, Ie = °) 

(Vcb = 45 Vdc, I E = 0) 

(V CB = 10 Vdc, I E = 0, T A = + 71°C) 

J CBO 

- 

3.0 

55 


fi Adc 

Emitter-Base Cutoff Current 
(Veb = 15 Vdc, I c = 0) 

lEBO 

■ 

3.0 

10 

ti Adc 

Collector- Emitter Leakage Current 
(V CE = 30 Vdc, R be = 10K) 

X CER 

■ 

■ 

600 

//Adc 

Collector- Emitter Punch-Thru Voltage 

( V EB = 1 Vdc, VTVM Impedance > 1 M ohm 

V pt 

45 

■ 

B 

Vdc 

Output Capacitance 

(V CB = 6 Vdc, I E = 0, f = 1 MHz) 

c ob 

■ 

i 

12.0 

25 

pF 

Noise Figure 

(Vce = 4 - 5 v d c > Ie = °* 5 m Adc 

R g = 1 K, f = 1 kHz Af = 1 Hz) 

NF 

1 

5.0 

15 

dB 

Small-Signal Current-Gain Cutoff Frequency 
(V(~.g = 6 Vdc, Ie = 1 mAdc) 

2N1189 

2N1190 

lab 

1.75 

2.25 

3.5 

4.5 

- 

MHz 






























































2N1189, 2N1190 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

^3 

Typ 

Max 

Unit 

Input Impedance 


h ib 




Ohms 

(Vcb = 6 Vdc, l£ = 1 mAdc, f - 1 kHz) 


27 

31 

37 


Output Admittance 


h ob 


■ 


//mho 

(Vcb = ® Vdc, = 1 mAdc, f = 1 kHz) 



0.1 

n 

0.9 


Small Signal Current Gain 


h fe 


m 


1 

(Vce = 6 Vdc, Ij£ = 1 mAdc, f = 1 kHz) 

2N1189 

75 

■ 

175 

■ 



2N1190 


125 

. 

300 

■ 

DC Current Transfer Ratio 

(Vce = 1 -° Vdc > ! E = 10 mAdc) 


h FE 



B 

B 

2N1189 


60 

115 




2N1190 


100 

170 

H 

B 

Base-Emitter Drive Voltage 


V BE 

■ 

B 

B 

Vdc 

(Vce - L0 Vdc, Ig = 10 mAdc) 

2N1189 

■ 


m 




2N1190 


B 

B 

m 


Collector- Emitter Saturation Voltage 


V CE 




Vdc 

(Ic = 50 mAdc, Ib = 1.5 mA) 

2N1189 

(sat) 

— 

0. 14 



(I c = 50 mAdc, Ig = 1.0 mA) 

2N1190 


— 

0. 15 

0.22 


(Iq = 100 mAdc, Ib = 3.0 mA) 

2N1189 


— 

0. 17 

0.3 


(I C = 100 mAdc, Ib = 2.0 mA) 

2N1190 


— 

0. 19 

0.3 




-80 -60 -40 -20 0 20 40 60 80 100 120 

T J( JUNCTION TEMPERATURE (°C) 


POWER-TEMPERATURE DERATING CURVE 



TEMPERATURE (°C) 



0 0.2 0.4 0.6 0.8 


V M , BASE-EMITTER VOLTAGE (VOLTS) 



0 20 40 60 80 100 120 140 160 180 200 

lc, COLLECTOR CURRENT (MILLIAMPERES) 
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2Nl 191 thru 2n1 1 94 (GERMANIUM) 


PNP germanium transistors for high -gain audio am- 
plifier and switching applications. 


Rating 

Symbol 

Value 

Unit 

Collector -Base Voltage 

V CB 

40 

Vdc 

Collector -Emitter Voltage 

v 

V CER 

25 

Vdc 

Emitter -Base Voltage 

V EB 

25 

Vdc 

Collector Current 
(Continuous) 

*c 

200 

mAdc 

Storage and Operating Temperature 

T stg’ T J 

-65 to +100 

°c 

Collector Dissipation in. Ambient 
(Derate 2.67 mW/°C above 25°C) 

P D 

200 

mW 

Thermal Resistance 
(Junction to Ambient) 

*JA 

0.375 

°C/mW 

Thermal Resistance 
(Junction to Case) 

*JC 

0.250 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

|| 

Collector -Base Cutoff Current 


X CBO 





< V CB = 25 V > l E = 0) 


- 

- 

15 

juAdc 

<V C B = 10V > 



- 

2.0 

- 

/iAdc 

^ 

Emitter-Base Cutoff Current 


X EBO 





< v eb = 25V - i c = 0) 


- 

- 

15 


Collector -Emitter Leakage Current 


X CER 





(V CB =25V ’ r be = 10K) 


- 

- 

600 

/iAdc 

Output Capacitance 


si 

o 

O 




■■ 

(V CE = 6 V, I E = 1. 0 mA) 


— 

20 

— ' 

1 

Noise Figure 


NF 





(V CE = 4.5 V, I E = 0.5 mA, 
f = 1 kHz , Rg = 100 ohms) 




10 


dB 

Small Signal Current Gain Cutoff Frequency 


f 

ab 





< V CB = 6V > I e = 1.0 mA) 

2N1191 

- 

1. 5 

- 

MHz 

2N1192 


- 

2.0 

- 



2N1193 


- 

2.5 

- 



2N1194 


- 

3.0 

- 
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PERCENT OF h fe AT 25°C | Cl COLLECTOR CURRENT (MILLIAMPERES) 


2N1191 thru 2N1194 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

mi 

Typ 


Unit 

Small Signal Current Gain 


h fe 





( V C£ = 6 V, I E = 1.0 mA, 
f = 1 kHz) 

2N1191 

30 

40 

70 

- 

2N1192 


50 

75 

125 


2N1193 


100 

160 

250 



2N1194 


190 

280 

500 


DC Current Gain 


h FE 





(V CE = 1 v » J C = 10 mA ) 

2N1191 

20 

- 

80 

- 

2N1192 


40 

- 

135 



2N1193 


70 

- 

300 



2N1194 


125 

- 

600 


Small Signal Power Gain 


G e 





(V CE = 6 V > J e = 1,0 mA > 
f = 1 kHz, matched) 

2N1191 


- 

42 

- 

dB 

2N1192 

2N1193 


- 

44 

46 

- 



2N1194 



48 

- 


Base -Emitter Input Voltage 


V 

v BE 





( V CE = 6 V > X C = 10 mA) 


- 

- 

0.3 

Vdc 



o 0.2 0.4 0.6 0.8 


V EB , BASE-EMITTER VOLTAGE (VOLTS) 

SMALL SIGNAL CURRENT GAIN 
versus TEMPERATURE 



-80 -60 -40 -20 0 20 40 60 80 100 120 

Tj, JUNCTION TEMPERATURE (°C) 


DC CURRENT TRANSFER RATIO 



0 20 40 60 80 100 120 140 160 180 200 

I CI COLLECTOR CURRENT (MILLIAMPERES) 


POWER-TEMPERATURE DERATING CURVE 

(For AH Types) 



0 10 20 30 40 50 60 70 80 90 100 

TEMPERATURE (°C) 


2n1195 


FOR SPECIFICATIONS, SEE 2N1141 DATA. 
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2N 1 204, A (GERMANIUM) 
2n1494,A 


2n1495 

2n1496 

2N2096 

2N2097 

2N2099 

2N2100 


CASE 31 

(TO-5) 

2N1204.A 

2N1495 

2N2099 

2N2100 

MAXIMUM RATINGS 


PNP germanium epitaxial mesa transistors for high- 
speed, high -current switching in line and core driver 
applications. 




Collector 
connected 
to case 


2N1494,A 

2N1496 

2N2096 

2N2097 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 


Vdc 

2N1204, 2N1204A, 2N1494, 2N1494A 


20 


2N2096, 2N2099 


25 


2N1495, 2N1496, 2N2097, 2N2100 


40 


Collector-Emitter Voltage 

V CEO 


Vdc 

2N2096, 2N2099 


12 


2N1204, 2N1204A, 2N1494A 


15 


2N2097, 2N2100 


20 


2N1495, 2N1496 


25 


Collector -Emitter Voltage 

V 

V CES 


Vdc 

2N1204, 2N1204A, 2N1494, 2N1494A 


20 


2N2096, 2N2099 


25 


2N1495, 2N1496, 2N2097, 2N2100 


40 


Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current 

l c 

500 

mAdc 

Total Device Dissipation @ * 25°C 

P D 



All Types 


750 

mW 

Derate above 25°C 


10 

mW/°C 

Total Device Dissipation @ T^ = 25°C 

P D 



TO- 5 Case 




2N1204, 2N1204A, 2N1495, 2N2099, 2N2100 


300 

mW 

Derate above 25°C 


4.0 

mW/°C 

Case 25 




2N1494, 2N1494A, 2N1496, 2N2096, 2N2097 


500 

mW 

Derate above 25°C 


6.67 

mW/°C 

Operating Junction and 

T J 

-65 to +100 

°c 

Storage Temperature Range 

T d 
stg 

wl/ IU T IVv j 
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2N1204,A SERIES (continued) 


ELECTRICAL CHARACTERISTICS (Ta - 25°C unless otherwise noted) 


Characteristics | 

Symbol 

Minimum 

Typical 

Maximum 

Unit 

Collector-Base Breakdown Voltage 


bv cbo 




Vdc 

(I c = 100 /iAdc, I = 0) 

2N1204, 2N1204A, 2N1494, 2N1494A 

20 

40 

_ 



2N2096, 2N2099 


25 

_ 

_ 



2N1495, 2N1496, 2N2097, 2N2100 


40 

- 

- 


Collector-Emitter Breakdown Voltage 


bv ces 




Vdc 

(I c = 100 /iAdc, V _ =0) 

2N1204, 2N1204A, 2N1494, 2N1494A 


20 

40 

_ 



2N2096, 2N2099 


25 

— 




2N1495, 2N1496, 2N2097, 2N2100 


40 

- 



Collector-Emitter Breakdown Voltage 


bv ceo 




Vdc 

(I c = 2 mAdc. I B = 0) 

2N1204, 2N1204A, 2N1494, 2N1494A 


15 

25 

- 


(I c = 10 mAdc, I R = 0) 

2N2096, 2N2099 


12 

_ 

_ 


2N2097, 2N2100 


20 

— 




2N1495, 2N1496 


25 

- 

- 


Emitter-Base Breakdown Voltage 


bv ebo 




Vdc 

(I E = 1 mAdc. I c = 0) 

2N1204, 2N1204A, 2N1494 thru 2N1496, 2N1494A 

4.0 

- 

- 


(I E = 10 mAdc, I G = 0) 

2N2096, 2N2097, 2N2099, 2N2100 


4.0 

- 



Collector Cutoff Current 


^bo 




/iAdc 

(V CB -5Vdc, I E - 0) 

2N1204, 2N1204A, 2N1494 thru 2N1496, 2N1494A 

- 

0.4 

7.0 

(V CB = 12 Vdc, I E = 6) 

2N2096, 2N2099 


- 

- 

12 


(VcB^SVdc, I E =0) 

2N2097, 2N2100 


- 

- 

12 


Emitter Cutoff Current 


T 




/iAdc 

(V BE = 0. 5 Vdc, I c = 0) 

2N1494 thru 2N1496, 2N1494A 


- 

- 

50 

< V BE =1Vdc ’ I C =0) 

2N2096, 2N2097, 2N2099, 2N2100 


- 

10 

50 


DC Current Gain 






— 

(I c = 200 mAdc, V CE = 0. 5 Vdc) 

2N1204A, 2N1494A, 2N1495, 2N1496 


25 

- 

- 


(I c = 200 mAdc, V CE = 1 Vdc) 

2N2097, 2N2100 


30 

70 

- 


(I c = 400 mAdc, V CE = 1. 5 Vdc)* 

2N1204, 2N1494, 2N2096, 2N2099 


15 

35 

_ 


2N2097, 2N2100 


20 

50 

- 


Collector-Emitter Saturation Voltage 


V CE(sat) 




Vdc 

(I c = 50 mAdc, Ig = 2. 5 mAdc) 

2N2097, 2N2100 

— 


0.3 


(I c = 200 mAdc, I B = 10 mAdc) 

2N1204, 2N1204A, 2N1494, 2N1494A 


_ 


0.4 



2N2097, 2N2100 


_ 

_ 

0.5 



2N2096, 2N2099 


- i 

- 

0.6 


(I c = 200 mAdc, Ig = 20 mAdc) 

2N1495, 2N1496 


- 


0.3 


(I c = 400 mAdc, Ig = 25 mAdc)** 

2N1204A, 2N1494A, 2N1495, 2N1496 


- 

- 

0.7 


Base-Emitter Saturation Voltage 



V 




Vdc 

(I G = 50 mAdc, Ig = 2. 5 mAdc) 

2N2097, 2N2100 

BE(sat) 

- 

- 

0.5 


(I c = 200 mAdc, Ig = 10 mAdc) 

2N1204, 2N1204A, 2N1494 thru 2N1496, 2N1494A 

2N2097, 2N2100 


0.40 

0.60 

0. 72 



_ 

_ 

0.8 



2N2096, 2N2099 


- 

- 

0.9 


Collector Output Capacitance 


C Ob 




pF 

(V CB = 10 Vdc, I E = 0, f = 4 MHz) 

2N1204, 2N1204A, 2N1494 thru 2N1496, 2N1494A 

2N2096, 2N2097, 2N2099, 2N2100 


— 

3.5 

6. 5 


- 

3.5 

20 


Input Capacitance 


c ib 




pF 

(V BE = 1 Vdc > Jc-°. f = 4 MHz) 

All Types 


- 

8.0 

50 

AC Current Gain 


ti- 




_ 

(I c = 20 mA, V CE = 10 V, f = 100 MHz) 

2N1204, 2N1204A, 2N1494, 2N1494A 

le 

1.1 

2.0 

_ 


2N1495, 2N1496 


1.5 

- 

- 


Rise Time (Figure 5) 

2N2097, 2N2100 

t 

r 



20 

ns 


2N1204, 2N1204A, 2N1494, 2N1494A, 2N2096, 2N2099 


— 

— 

35 



2N1495, 2N1496 


- 

- 

55 


Minority Carrier Storage Time Constant 






ns 

(Figure 4) 

2N1204, 2N1204A, 2N1494, 2N1494A 

S 

— 

30 

75 



2N1495, 2N1496 


- 

- 

90 


Storage Time (Figure 6) 

2N2097, 2N2100 




50 

ns 


2N2096, 2N2099 


- 

- 

70 


Fall Time (Figure 6) 

2N2097, 2N2100 

*f 



40 

ns 


2N2096, 2N2099 


- 

- 

60 



* Pulse Test: Pulse width < 1 ms, Duty cycle < 6% 
♦♦Pulse Test: Pulse width <, 5 ms, Duty cycle ^ 2% 
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Or, TOTAL CONTROL CHARGE (PICO-cOULOMBS) TIME (nsec) 


2N1204,A SERIES (continued) 


FIGURE 1 - TYPICAL RISE AND FALL TIME BEHAVIOR 



10 20 30 50 70 100 200 300 500 




1 


10 


l c , COLLECTOR CURRENT (mA) 


Ibi/u, CIRCUIT DRIVE RATIO 


FIGURE 3 - TOTAL CONTROL CHARGE 



1.0 3.0 5.0 7.0 10 30 50 

l B , BASE CURRENT (mAdc) 

FIGURE 5 - RISE TIME TEST CIRCUIT 



FIGURE 4- CARRIER STORAGE TIME CONSTANT TEST CIRCUIT 

VoUT 

+ V t( TO SCOPE 



*ADD SCOPE AND PROBE 
CAPACITANCE TO C T FOR . .. 

CORRECT CALCULATION T - c * v om 

OF T s (K' s ). ,s | f 


FIGURE 6 - STORAGE AND FALL TIME TEST CIRCUIT 



NOTE 1 : SCOPE IMPEDANCE SUFFICIENTLY HIGH SO THAT DOUBLING 
OR HALVING ITS VALUE DOES NOT CHANGE THE READING. 

SCOPE RISE TIME FAST ENOUGH SO THAT DOUBLING OR 
HALVING ITS VALUE DOES NOT CHANGE THE READING. 
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TEMPERATURE COEFFICIENT (mV/°C) 


2N1204,A SERIES (continued) 


FIGURE 7 -COLLECTOR-EMITTER SATURATION VOLTAGES 



O.l 0.3 0.5 0.7 1.0 3.0 5.0 7.0 10 30 50 

l„ BASE CURRENT (mAdc) 


FIGURE 8- BASE-EMITTER VOLTAGE 
versus COLLECTOR CURRENT 



FIGURE 9 - TEMPERATURE COEFFICIENTS 



50 100 200 300 400 500 

l c , COLLECTOR CURRENT (mAdc) 


FIGURE 10- NORMALIZED CURRENT GAIN 



10 30 50 70 100 300 500 

l c , COLLECTOR CURRENT (mAdc) 


FIGURE 11 - LEAKAGE CHARACTERISTICS 
COMMON EMITTER 



- Base Leakage Current. I, L is defined as - 
. base leakage current with both junctions _ 

reverse biased. I c is always less than l IL 

- for V 0 *>V T . (V ol is off condition base - 
bias, Vr is base voltage at threshold of 
conduction.) 


-0.25 



0.5 1.0 1.5 

V 0 i, BASE-EMITTER REVERSE BIAS (VOLTS) 



0.4 0.5 0.7 1.0 3.0 5.0 7.0 10 20 

REVERSE BIAS (VOLTS) 
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2N1358, A (GERMANIUM) 


For Specifications, See 2N174 Data. 


2N 1359 (GERMANIUM) 
2n1360 

2n 1362 thru 2N 1365 


For Specifications, See 2N375 Data, 




2n1 408 (GERMANIUM) 


PNP germanium transistor for high voltage neon driv- 
er, solenoid and relay driver circuits. 


Rating 

Symbol 



Collector -Base Voltage 

v 

V CB 

50 

Vdc 

Collector -Emitter Voltage 

V CES 

50 

Vdc 

Emitter-Base Voltage 

V EB 

10 

Vdc 

Collector Current 

l c 

200 

mA 

Collector Dissipation at T A = 25°C 

P D 

150 

mW 

derating factor 


2.0 

mW/°C 

Junction Temperature Range 

T J 

-65 to +100 

°C 




ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 


Emitter -Base Cutoff Current 
< V EB = 5 Vdc ' I C=° ) 


Collector -Emitter Leakage Current 
(V CB =S0Vdc, r be =0) 


Collector -Base Breakdown Voltage 
(I c = 25 n Adc, I E = 0) 


Emitter -Base Breakdown Voltage 
(Ig = 25 ^Adc, I c = 0) 



Collector -Emitter Punch-Thru Voltage 
(I E = 25 /iAdc) 


Base -Emitter Input Voltage 


(I B = 1.0 mAdc, V CE = 1.0 Vdc) 


DC Current Gain 

(V CE " 1 Vdc > *B = 1 mAdc) 


Small Signal Current Gain 

( V CE B 5 -° Vdc > x e = 1 *° mA » f = 1 kHz ) 


Output Admittance 

(V CB = 5.0 Vdc, I £ = 1.0 mA, f =1 kHz) 


Max 

Unit 

7.0 

fi Adc 

7.0 

fiAdc 
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2N 1 41 2 (GERMANIUM) 
2N1412A 



PNP germanium power transistors for high-voltage 
power amplifier and switching applications in military 
and industrial equipment. 


MAXIMUM RATINGS 


Rating 

Symbol 


Unit 

Collector -Base Voltage 

v 

v CB 

100 

Vdc 

Collector -Emitter Voltage 


80 

Vdc 

Collector -Emitter Voltage 

■2SS 

60 


Emitter-Base Voltage 

| 

60 


Emitter Current (Continuous) 

*E 

15 


Base Current (Continuous) 

*B 

4.0 

Amp 

Junction & Storage Temperature 

T stg 

-65 to +100 

°c 

Thermal Resistance 

61 JC 

0.5 

°c/w 



COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 



0 20 40 60 80 100 

T c , CASE TEMPERATURE (°C) 

The maximum continuous This curve has a value of 

power is related to maxi- 150 Watts at case tempera- 
mum junction temperature tures of 25 # C and is 0 Watts 
by the thermal resistance at 100°C with a linear rela- 
factor. tion between the two tem- 

peratures such that: 

allowable Pd = ■ 100 ° o ~ Tc 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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2N1412 (continued) 

ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Minimum 

Maximum 

Unit 

Emitter Cutoff Current 

V EB - - 2 * 0 vdc 

l c = 0 

X EBO 


200 

pAdc 

Emitter Cutoff Current 

V EB = ~ 60 vdc 

i c = o 

X EBO 


10 

mAdc 

Collector Cutoff Current 

v Cb = -2.0 Vdc 

I E = 0 

J CBO 


200 


Collector Cutoff Current 

V CB = -100 Vdc 

I E = 0 

^BO 


10 

mAdc 

Emitter -Base Voltage 

V CE = -2.0 Vdc 

I c = -1.2 Adc 

V EB 


0.5 


Emitter- Base Voltage 

V CE = -2.0 Vdc 

I c = -5.0 Adc 

V EB 


0.9 

Vdc 

Floating Potential 

V CB = “ 10 ° vdc 

I E = 0 

(Voltmeter input resistance 
= 10 Megohm min) 

v fi 


1.0 

Vdc 

Collector- Emitter Saturation Voltage 

I c = -12 Adc 

I B = -2.0 Adc 

V CE(SAT) 


0.7 

■ 

Forward Current Transfer Ratio* 

v Ce = -2.0 Vdc 

I c = -15 Adc 

h FE 

10 



Forward Current Transfer Ratio 

V CE = “ 2 -° vdc 

I c = -5.0 Adc 

h FE 

25 

50 


Collector- Emitter Breakdown Voltage* 

Iq = -1 Adc 

I B = o 

bv ceo 

60 


Vdc 

Collector- Emitter Breakdown Voltage* 

V EB = 0 

Ic = 300 mA 

bv ces 

80 


Vdc 

Small-Signal Short-Circuit Forward- Current 
Transfer Ratio Cutoff Frequency 

V CE = ~ 12 Vdc 

Iq = -5.0 Adc 

te 



■ 

High- Temperature Operation 

Emitter Cutoff Current 

T q = +71°C min 

V EB = “ 30 Vdc 

x EBO 


6.0 

mAdc 

Collector Cutoff Current 

Vcb = -30 Vdc 

I E = o 

^BO 


6.0 

mAdc 


*Test by sweep method with a short duty cycle (about 1%) to avoid excessive heating. 
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2n! 41 3 thru 2N1415 (GERMANIUM) 

2N1175 


CASE 31(1) 

(TO-5) 


Base connected to case 



PNPgermaniumtransistorsfor general-purpose low- 
frequency amplifier and switching applications. Char- 
acteristic curves similar to 2N524-2N527 series. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector -Base Voltage 

v 

V CB 

35 

Vdc 

Collector -Emitter Voltage 

V 

CEO 

25 

Vdc 

Emitter-Base Voltage 

V EB 

10 

Vdc 

Collector Current 


500 

mAdc 

Junction and Storage Temperature 

W 


°C 

Power Dissipation at 25°C Ambient 

P D 

225 

mW 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristics 

Symbol 

Min 

Max 

Unit 

Collector Cutoff Current 

^BO 

_ 

12 

/iAdc 

V CB = 30 Vdc, I E = 0 



Emitter Cutoff Current 

I_ _ _ 




V EB = 10 Vdc, I c - 0 

EBO 


Collector -Emitter Voltage 

bv cer 

25 

_ 

Vdc 

I c = 0. 6 mAdc, R be = 10 K 




Punch-Thru Voltage 

v pt 

25 

- 

Vdc 

DC Current Gain 

I r = 20 mAdc, V = 1 Vdc 

U 2N1413 

h FE 

25 

42 


2N1414 


34 

65 


2N1415 


53 

90 


2N1175 


70 

140 
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2N1413 thru 2N1415 , 2N1175 (continued) 

ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted) 


Characteristics 

Symbol 

Min 

Max 

Unit 

DC Current Gain 

l n = 100 mAdc, V nx? = 1 Vdc 

C 2N1413 

h FE 

23 



2N1414 


30 

- 


2N1415 


47 

_ 


2N1175 


62 

- 


Base Input Voltage 

V rF = 1 Vdc, I p = 20 mAdc 

^ 2N1175 

V BE 


260 

mVdc 

Output Capacitance; Input AC Open Circuit 

C ob 

- 

40 

pF 

V C b = 5 Vdc, I £ = 1 mAdc, f = 1 MHz 




Frequency Cutoff 

V n „ = 5 Vdc, I_ = 1 mAdc 

E 2N1413 

*arb 

0.8 


MHz 

2N1414 


1.0 

_ 


2N1415 



- 


2N1175 


19 

- 


Small -Signal Short-Circuit Forward-Transfer Current Ratio 

h fe 




V CE 3 5 VdCj X E = 1 mAdc > f = 1 kHz 




2N1413 


20 

41 

_ 

2N1414 


30 

64 


2N1415 


44 

88 


2N1175 


60 

120 


Small -Signal Open Circuit Output Admittance 

h ob 

■BfjlH 

■■i 


V CB = 5 Vdc > l E 3 1 mAdc > f = 1 kHz 




2N1413 


9 

■SB 

fimh 

2N1414 



mm 


2N1415 


B)R9 

1.0 


2N1175 


0. 10 

0.9 


Small -Signal Open-Circuit Reverse -Transfer Voltate Ratio 

h rb 


mm 


V CB = 5 Vdc, I E = 1 mAdc, f = 1 kHz 


I 


2N1413 


IBB 

mm 


2N1414 


■SB 



2N1415 


■SB 

■ 


2N1175 


BBB 

■H 


Small -Signal Short-Circuit Input Impedance 

h ib 


■ 


V rR = 5 Vdc, I F = 1 mAdc, f = 1 kHz 


■ 


2N1413 


26 



2N1414 


26 



2N1415 


26 



2N1175 


26 

WM 



2n1420 

For Specifications, See 2N718 Data. 


2n1494,A / 2n1495 / 2n 1496 

For Specifications, See 2N1204 Data. 
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2N 1529 thru 2N 1538 (GERMANIUM) 

2N 1 529A thru 2N 1 532A, 2N 1 534A thru 2N 1 537A 


PNP germanium power transistors for switching and 
amplifier applications in high-reliability equipment. 



MAXIMUM RATINGS 


Rating 

Symbol 


2N1530 

2N1535 

2N1531 

2N1536 

2N1532 

2N1537 

EH 

Units 

Collector-Emitter Voltage 

V CEX 

40 

60 

80 

100 

120 

Vdc 

Collector- Emitter Voltage 

V CES 

30 

45 

60 

75 

90 

Vdc 

Collector- Emitter Voltage 

V CEO 

20 

30 

40 

50 

60 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

100 

120 

Vdc 

Emitter -Base Voltage 

V EB 

20 

30 

40 

50 

60 

Vdc 

Collector Current 
(Continuous) 

•c 

5.0 

Amp 

Collector Current 
(Peak) 

mm 

10 

Amp 

Junction Temperature Range 


-65 to +110 

°C 

Total Device Dissipation 
(25°C Case Temperature) 

P D 

106 

Watts 

Thermal Resistance 

^JC 

0.8 

°C/W 


2-191 


































































2N1529 thru 2N1538 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise specified.) 
Characteristics apply to corresponding “A" type numbers also. 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector-Base Cutoff Current 


iCBOl 


9 

mA 

(V CB = 25V) 

2N1529 . 2N1534 





(v CB = 40V) 

2N1530 , 2N1535 


9 

■ 


(V CB = 55V) 

2N1531 , 2N1536 


9 

2.0 


(V CB = 65V) 

2N1532, 2N1537 


9 

2.0 


(V CB = 80V) 

2N1533, 2N1538 


1 

2.0 


Collector-Base Cutoff Current 


^BO 



mA 

(V CB = 2V) 




0.2 


(V^ B =12 B^CES rating; T^. - +90 C) 



m 

20 


Emitter-Base Cutoff Current 





mA 

(V EB = 12V) 


mn 

9 

0.5 


Collector- Emitter Breakdown Voltage 





volts 

(I c = 500 mA, V £B = 0) 

2N1529, 2N1534 


30 

— 



2N1530, 2N1535 

■ 

45 

— 



2N1531 . 2N1536 

.V\ 9 

60 

— 



2N1532. 2N1537 

■ 

75 

— 



2N1533, 2N1538 

1 

90 

— 


Collector- Emitter Leakage Current 


X CEX 

■ 


mA 

< V BE = lv ' V CE @ rated BV CBO ) 



B 

20 


Collector- Emitter Breakdown Voltage 


bv ceo 

m ■ 


volts 

(I c = 500 mA, I B = 0) 

2N1529, 2N1534 



— 1 



2N1530, 2N1535 


sma 

— 



2N1531 , 2N1536 


40 




2N1532 , 2N1537 


50 




2N1533, 2N1538 


60 

mm 


Collector-Base Breakdown Voltage 


bv cbo 

■ 


volts 

(I c = 20 mA) 

2N1529, 2N1534 


■33 

— 



2N1530, 2N1535 


mja 

— 



2N1531 , 2N1536 


■9 




2N1532 , 2N1537 


100 




2N1533, 2N1538 


120 



Current Gain 


^FEl 




(V CE = 2V, I c = 3A) 

2N1529 - 2N1533 


20 

40 



2N1534 - 2N1538 


35 

70 

■ 

Base- Emitter Saturation Voltage 


V BE(sat) 

pa 


volts 

(U = 3A, I R = 300 mA) 

2N1529 - 2N1533 



1.7 



2N1534 - 2N1538 


■ 

1.5 


Collector-Emitter Saturation Voltage 


V CE(sat) 

i 


volts 

(I c = 3A, I B = 300 mA) 

2N1529 - 2N1533 


1.5 



2N1534 - 2N1538 


i 

1.2 


Transconductance 


■BHB 

■H 


mhos 

(V r _ = 2V, I r = 3 A) 

2N1529 - 2N1533 



— 


L£j v 

2N1534 - 2N1538 

■ 

1 
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2N1529 thru 2N1538 (continued) 


POWER-TEMPERATURE DERATING CURVE 



T c , CASE TEMPERATURE (°C) 


The maximum continuous power is 
related to maximum junction tempera- 
ture, by the thermal resistance fac- 
tor. For dc or frequencies below 
25 Hz the transistor must be operated 
within the constant Pj) = V c x I c 
hyperbolic curve. This curve has a 
value of 106 Watts at case tempera- 
tures of 25°C and is 0 Watts at 110°C 
with a linear relation between the two 
temperatures such that 

P n allowable = 110° - Tc 

0.8 


COLLECTOR CURRENT versus BASE CURRENT 


COLLECTOR CURRENT versus EMITTER BASE VOLTAGE 




■ 


a 

a 



■ 


a 

a 


2N1534 - 

-2N1538 

A 


1 

a 



¥A 

■E 


a 


US 

a 






0 I 1 1 1 1 1 

0 1.0 2.0 3.0 

V E „ EMITTER-BASE VOLTAGE (VOLTS) 


SWITCHING TIME MEASURING CIRCUIT 


TEST TRANSISTOR 



PULSE GENERATOR 


TYPICAL SWITCHING CHARACTERISTICS 



•c 

(AMP) 

V 

(VOLTS) 

R 

(ohms) 

t d + t, 
(u$) 

t. 

(fiS) 

t, 

(«s) 

2N1 529-33 

3 

3 

65 

10 

2 

5 

2N 1534-38 

3 

3 

100 

8 

3 

5 


DC CURRENT GAIN versus 
COLLECTOR CURRENT 
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Ic, ALLOWABLE COLLECTOR CURRENT (AMP) 


2N1529 thru 2N1538 (continued) 


SAFE OPERATING AREAS - PULSE CONDITIONS 


The Safe Operating Area Curves indicate Ic — 
Vcb limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 


(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 


10 

7 


5 

4 

3 


2 


1 

0.7 

0.5 

0.4 

0.3 

0.2 


0.1 



0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50 55 60 65 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


10 

7 

5 

4 

3 


2 


1 

0.7 

0.5 

0.4 

0.3 


0.2 


0.1 



0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 90 100 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


♦Characteristics apply to corresponding "A" type numbers also. 
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2N 1539 thru 2 n1 548 (GERMANIUM) 

2N1539A thru 2N1542A, 2N1544A thru 2N1547A 


PNP germanium power transistors for switching and 
amplifier applications in high-reliability equipment. 



MAXIMUM RATINGS 


Rating 

Symbol 

2N1539 

2N1544 

2N1540 

2N1545 

2N1541 

2N1546 

2N1542 

2N1547 

2N1543 

2N1548 

Unit 

Collector -Emitter Voltage 

v 

v CEO 

20 

30 

40 

50 

60 

Vdc 

Collector-Emitter Voltage 

v 

V CES 

30 

45 

60 

75 

90 

Vdc 

Collector-Emitter Voltage 

V CEX 

40 

60 

80 

100 

120 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

100 

120 

Vdc 

Emitter-Base Voltage 

V EB 

20 

30 

40 

50 

60 

Vdc 

Collector Current -Continuous 

l C 



5.0 



Adc 

Peak 

1 C 



10 



Adc 

Total Device Dissipation @T^ = 25° C 

P D 

106 

Watts 

Operating Junction Temperature Range 

T J 

-65 to +110 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 jc 

0.8 

°c/w 


The maximum continuous power is 
related to maximum junction tempera- 
ture, by the thermal resistance fac- 
tor. For d. c. or frequencies below 
25 cps the transistor must be operated 
within the constant P D = Vc x Ic 
hyperbolic curve. This curve has a 
value of 106 Watts at case tempera- 
tures of 25°C and is 0 Watts at 110°C 
with a linear relation between the two 
temperatures such that 

Pp allowable = 110° - Tc 

0 . 8 


POWER-TEMPERATURE DERATING CURVE 
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2N1539 thru 2N1548 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltagej 


bv ceo* 



volts 

(I„ = 500 mAdc, I_ = 0) 

U JfcJ 

2N1539, 2N1544 

20 

- 


2N1540, 2N1545 


30 

- 



2N1541, 2N1546 


40 

- 



2N1542, 2N1547 


50 

- 



2N1543, 2N1548 


60 

- 


Collector-Emitter Breakdown Voltage}; 


bv ces* 



volts 

(I c = 500 mAdc, V fiE = 0) 

2N1539, 2N1544 

30 

_ 


2N1540, 2N1545 


45 

- 



2N1541, 2N1546 



- 



2N1542, 2N1547 


75 

- 



2N1543, 2N1548 


90 

- 


Collector -Base Breakdown Voltage 


bv cbo 



volts 

(I c = 20 mAdc, I E = 0) 

2N1539, 2N1544 

40 

- 


2N1540, 2N1545 


60 

- 



2N1541, 2N1546 


80 

- 



2N1542, 2N1547 



- 



2N1543, 2N1548 


120 _ 

- 


Collector Cutoff Current 


m 

■ ■ 



(V CE @ rated V CB , V B£ = 1.0 Vdc) 




Collector Cutoff Current 


H . 

■j ■ 



(V CB = 2. 0 Vdc, I E = 0) 


■ 



(V CB " & V CES «*“»«, T C = 90»C) 


1 

1 



Collector Cutoff Current 


^CBOl 



mA 

(V CB = 25 Vdc, I E = 0) 

2N1539, 2N1544 

> 

2.0 


(V CB = 40 Vdc, I E = 0) 

2N1540, 2N1545 


- 

2.0 


(V CB = 55 Vdc, I E = 0) 

2N1541, 2N1546 



2.0 


(V CB = 65 Vdc, I £ = 0) 

2N1542, 2N1547 


- 

2.0 


(V CB = 80 Vdc, I E = 0) 

2N1543, 2N1548 


- 

2.0 



ON CHARACTERISTICS 


DC Current Gain 

(I =3.0 Adc, V pj? = 2. 0 Vdc) 2N1539-2N1 543 

L ^ 2N1544-2N1548 

h FEl 

50 

75 

100 

150 


DC Transconductance 

(I =3.0 Adc, V =2.0 Vdc) 2N1539-2N1 543 

L 2N1544-2N1 548 

S FE 

3.0 

5.0 

- 

mhos 

Collector-Emitter Saturation Voltage 
(I r = 3. 0 Adc, I = 300 mAdc) 2N1539-2N1 543 

L a 2N1544-2N1548 

V CE(sat) 

- 

0.3 

0.2 

volts 

Base -Emitter Saturation Voltage 
(I = 3. 0 Adc, I = 300 mAdc) 2N1539-2N1 543 

L B 2N1544-2N1548 

V BE(sat) 

- 

0. 7 
0.5 

volts 


DYNAMIC CHARACTERISTICS 


Common-Emitter Cutoff Frequency 

^are 

Typ 

kHz 

(I c = 3. 0 Adc, V CE = 2. 0 Vdc) 

4.0 



Characteristics apply to corresponding A type numbers also. 

$To avoid excessive heating of collector junction, perform this test with a sweep method. 
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2N1539 thru 2N1548 (continued) 

SWITCHING TIMS MEASURING UNIT 



Device* 

Conditions* 

Typical 

Switching Times 


•c 

(Amp) 

V 

(Volts) 

R 

(ohms) 

td+tr 

Us ) 

t. 

Us ) 

t, 

Us ) 

2N1 539-43 

3 

3 

165 

5 

3 

5 

2N1 544-48 

3 

3 

250 

5 

3 

8 


* Input Pulse Repetition Rate = 2 kHz, 
Pulse Width = 50 



0 0.1 0.2 0.3 0.4 0.5 0.6 

V EI , EMITTER-BASE VOLTAGE (VOLTS) 


SAFE OPERATING AREAS 

The Safe Operating Area Curves indicate 
Ic — Vce limits below which the device will 
not go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case 
temperature and duty cycle of the excur- 
sions make no significant change in these 
safe areas.) To insure operation below the 
maximum Tj, the power-temperature de- 
rating curve must be observed for both 
steady state and pulse power conditions. 


2N1540 V 2N1545 2N1541, 2N1546 


COLLECTOR CURRENT versus BASE CURRENT 



0 10 20 30 40 50 60 70 80 90 


l„ BASE CURRENT 1mA) 

2N1539, 2N1544 



2N1542, 2N1547 2N1543. 2N1548 
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2n1549, A thru 2N1560, A (GERMANIUM) 

PNP germanium power transistors for switching and 
amplifier applications in high-reliability equipment. 



MAXIMUM RATINGS Apply to corresponding “Hi~Rel” Series also 


Rating 

! 

Symbol 

2N1549 

2N1553 

2N1557 

2N1550 

2N1554 

2N1558 

2N1551 

2N1555 

2N1559 

2N1552 

2N1556 

2N1560 

Units 

Collector-Emitter Voltage 

V 

v CEX 

40 

60 

80 

100 

Vdc 

Collector-Emitter Voltage 

v 

CES* 

30 

45 

60 

75 

Vdc 

Collector- Emitter Voltage 

v 

V CEO* 

20 

30 

40 

50 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

100 

Vdc 

Emitter -Base Voltage 

V EB 

20 

30 

40 

50 

Vdc 

Collector Current (Continuous) 

! c 

15 

Amp 

Collector Current (Peak) 

*c 

20 

Amp 

Collector Junction Temperature 

T J 

-65 to +110 

■ 

°C 

Collector Dissipation 
(25 *C Case Temp. ) 

P D 

106 


Thermal Resistance 

^JC 

0.8 

°c/w 


*To avoid excessive heating of collector junction, perform this test with a sweep method. 
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2N1549 thru 2N1560 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25 °C unless otherwise noted) 

Characteristics apply to corresponding A type numbers also. 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector-Base Cutoff Current 

r CBOi 



mA 

(V CB = 25 V) 2N1549, 2N1553, 2N1557 

- 

3.0 


(V CB = 40 V) 2N1550, 2N1554, 2N1558 


- 

3.0 


(V CB = 55 V) 2N1551 , 2N1555, 2N1559 


- 

3.0 


(V CB = 65 V) 2N1552, 2N1556, 2N1560 


- 

3.0 


Collector-Base Cutoff Current 
< V CB = 2 V > 

^BO 

- 

0.2 

mA 

(V CB = 1/2 BV CES rating; T C = +90 ° C > 


- 

20 


Emitter-Base Cutoff Current 
( V EB = 12 V > 

X EBO 

- 

0. 5 

mA 

Collector-Emitter Breakdown Voltage 

bv ces 



volts 

(I = 300 mA) 




L 2N1549, 2N1553, 2N1557 


30 

- 


2N1550, 2N1554, 2N1558 


45 

- 


2N1551, 2N1555, 2N1559 


60 

- 


2N1552, 2N1556, 2N1560 


75 

- 


Collector-Emitter Leakage Current 
< V BE= L0V ’ V CE @ rated BV^) 

X CEX 

- 

20 

mA 

Collector-Emitter Breakdown Voltage* 

(I = 300 mA, I =0) 

2N1549, 2N1553, 2N1557 

bv ceo* 

20 


volts 

2N1550, 2N1554, 2N1558 


30 

- 


2N1551 , 2N1555, 2N1559 


40 

- 


2N1552, 2N1556, 2N1560 


50 

- 


Collector-Base Breakdown Voltage 

bv cbo 



volts 

(I = 20 mA) 




2N1549, 2N1553, 2N1557 


40 

- 


2N1550, 2N1554, 2N1558 


60 

- 


2N1551, 2N1555, 2N1559 


80 

- 


2N1552, 2N1556, 2N1560 


100 

- 


Current Gain 
(V = 2. 0 V, I = 10 A) 

2N1549 - 2N1552 

h FEl 

10 

30 


2N1553 - 2N1556 


30 

60 


2N1557 - 2N1560 


50 

100 


Base-Emitter Drive Voltage 
(I = 10 A, I = 1.0 A) 

u 2N1549 - 2N1552 

V BE 


1.3 

volts 

2N1553 - 2N1556 


- 

1.0 


2N1557 - 2N1560 


- 

0.85 


Collector Saturation Voltage 
(I C = 10 A ’ X B = 10 A) 2N1549 - 2N1552 

V CE(sat) 


1. 0 

volts 

2N1553 - 2N1556 


- 

0. 7 


2N1557 - 2N1560 


" 

0. 5 



*To avoid excessive heating of collector junction, perform this test with a sweep method. 
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2N1549 thru 2N1560 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Transconductance 




mhos 

(V = 2.0 V, I = 10 A) 

r Hi 




2N1549 - 2N1552 


6.0 

18 


2N1553 - 2N1556 


8.0 

30 


2N1557 - 2N1560 


12 

40 


Frequency Cutoff 

f 

ae 

Typ 

kHz 

2N1549 - 2N1552 


10 


2N1553 - 2N1556 


6.0 


2N1557 - 2N1560 


5.0 



COLLECTOR CURRENT versus BASE CURRENT 



l Bl BASE CURRENT (AMPS) 


COLLECTOR CURRENT versus EMITTER-BASE VOLTAGE 



V E8| EMITTER-BASE VOLTAGE (VOLTS) 



0 2 4 6 8 10 12 14 16 



0 0.2 0.4 0.6 0.8 1.0 


\ c , COLLECTOR CURRENT (AMPS) 


V E8 , EMM ITER-BASE VOLTAGE (VOLTS) 
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COLLECTOR CURRENT (AMP) 


2N1549 thru 2N1560 (continued) 


SAFE OPERATING AREAS 


The Safe Operating Area Curves indicate Ic — 
V cb limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 


(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 



POWER-TEMPERATURE DERATING CURVE 


The maximum continuous power is 
related to maximum junction tempera- 
ture, by the thermal resistance fac- 
tor. For dc or frequencies below 
25 Hz the transistor must be operated 
within the constant Pd = Vc x Ic 
hyperbolic curve. This curve has a 
value of 106 watts at case tempera- 
tures of 25°C and is 0 watts at 110°C 
with a linear relation between the two 
temperatures such that Pd allowable 
=110°- Tc D 

o 



0 20 40 60 80 100 110 


T c , CASE TEMPERATURE (°C) 


SWITCHING TIME MEASURING UNIT 



Devices 

Conditions* 

Typical 

Switching Times 


Ic 

(Amp) 

V 

(Volts) 

R 

(ohms) 

t- + t. 
Us) 

t, 

Us) 

t f 

Us) 

2N1549 -52 

10 

10 

10 

5 

2 

10 

2N1553 -56 

10 

10 

30 

10 

5 

25 

^1557 -60 

10 

10 

50 

10 

5 

25 


* Input Pulse Repetition Rate = 2 kHz, 
Pulse Width = 50 fiS 
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2n1561 

2n1562 

(GERMANIUM) 

2N1692 

2N1693 

\\ PNP germanium mesa transistors for VHF power 

amplifier applications. 


So? 

v x 

% 

CASE 23 

CASE 24 

(TO-107) 

(TO-102) 

2N1561 

2N1692 

2N1562 

2N1693 

Collector connected to case; 

stud isolated from case 

MAXIMUM 

RATINGS 


Rating 

Symbol 

2N1561 

2N1562 

2N1692 

2N1693 

Unit 

Collector -Emitter Voltage 

v 

V CE 

25 

25 

25 

25 

Vdc 

Collector-Base Voltage 

v 

V CB 

25 

25 

25 

25 

Vdc 

Emitter -Base Voltage* 

V * 
V EB 

3.0 

2.0 

3.0 

2.0 

Vdc 

Collector Current -Continuous 

Peak 

*c 


mAdc 

Total Device Dissipation @ T A = 25°C 

P D 

250 

250 

350 

350 

mW 

Derate above 25°C 


3.33 

3.33 

4.67 

4.67 

raW/°C 

Total Device Dissipation @ T^ = 25°C 

P D 

3.0 

3.0 

3.0 

3.0 

Watts 

Derate above 25°C 


40 

40 

40 

40 

mW/°C 

Operating and Storage Junction 
j Temperature Range 

T T 

V stg 

-65 to 100 

°C 


*May be exceeded provided total rated device dissipation is not exceeded. 


POWER GAIN versus FREQUENCY 


SAFE OPERATING AREA 



FREQUENCY ( MHz) 



V CB , COLLECTOR-BASE VOLTAGE (VOLTS) 
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2N1561, 2N1562, 2N1692, 2N1693 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I c = 100 //Adc, V BE = 0) 

bv ces 

25 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 

a c = 100 //Adc, I £ = 0) 

bv cbo 

25 

■ 

■ 


Collector Cutoff Current 
( V CB = 10 Vdc - I E=°) 

^BO 

■ 


10 

/iAdc 

Emitter Cutoff Current 

(V B E=0. 4vdc , I c =0) 

2N1562, 2N1693 

! ebo 

. 

5.0 

. 

mAdc 

(V B E = 1 - 0VdC > I C = °) 

2N1561, 2N1692 


- 

5.0 

- 



ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage 
(I c = 200 mAdc, I 0 = 40 mAdc) 

2N1561, 2N1692 

V CE(sat) 

■ 


n 

Vdc 

(I c = 200 mAdc, I fi = 40 mAdc) 

2N1562, 2N1693 


1 

- 

Ka 



DYNAMIC CHARACTERISTICS 


Current -Gain — Bandwidth Product 


f T 




MHz 

a c = 50 mAdc, V CE = 10 Vdc, £ = 100 MHz) 

2N1561, 2N1692 

T 

- 

500 

- 


a c = 50 mAdc, V CE = 10 Vdc, £ = 100 MHz) 

2N1562, 2N1693 


- 

450 

- 


Output Capacitance 


C ob 




pF 

(V CB = 10 Vdc, I E = 0, f = 100 kHz) 


- 

7.0 

10 

Small-Signal Current Gain 


h fe 




dB 

a c = 50 mAdc, V CE = 10 Vdc, f = 160 MHz) 

2N1561, 2N1692 

_ 

10 

- 


2N1562, 2N1693 


- 

9.0 

- 


Extrinsic Base Resistance 


mm 

■ 


|| 

Ohms 

0 E = 20 mAdc, V CB = 10 Vdc, f = 300 MHz) 


m 

■ 

25 

m 



FUNCTIONAL TEST 


Power Gain 

a c = 100 mAdc, V CE = 15 Vdc, P Qut = 0. 5 W, f = 160 MHz) 

2N1561, 2N1692 

(I r = 100 mAdc, V pF = 15 Vdc, P , = 0. 4 W, f = 160 MHz) 

C CE 0Ut 2N1562 „2N1693 


m 

- 

1 

dB 

Power Output 





Watt 

a c = 100 mAdc, V CE = 15 Vdc, P. n = 125 mW, f = 160 MHz) 

out 





2N1561, 2N1692 


0.5 

_ 

_ 


2N1562, 2N1693 


0.4 

- 

- 
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c , COLLECTOR CURRENT (mAdc) I,., COLLECTOR CURRENT (mAdc) l c . COLLECTOR CURRENT (mAdc) 


2N1561, 2N1562, 2IM1692, 2N1693 (continued) 


POWER OUT, COLLECTOR CURRENT AND COLLECTOR EFFICIENCY versus COLLECTOR-EMITTER VOLTAGE 


2N1561/2N1692 



1.0 


& 0.8 



n. 


0.2 

0 


2N1562/2N1693 



POWER OUT, COLLECTOR CURRENT AND COLLECTOR EFFICIENCY versus POWER IN 



POWER OUT, COLLECTOR CURRENT AND COLLECTOR EFFICIENCY versus FREQUENCY 


2N1561/2N 1692 



2N 1 562/2N 1 693 



h COLLECTOR EFFICIENCY (%) Vt COLLECTOR EFFICIENCY (%) v COLLECTOR EFFICIENCY (%} 






2 n 1595 thru 2 N 1599 (SILICON) 


CASE 31(2) 

(TO-5) 



Industrial-type, low-current silicon controlled recti- 
fiers in a three -lead package ideal for printed-circuit 
applications. Current handling capability of 1.6 am- 
peres at junction temperatures to 125°C. 


MAXIMUM RATINGS (Tj = 125°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage* 

v RSM(rep)* 


Volts 

2N1595 


50 


2N1596 


100 


2N1597 


200 


2N1598 


300 


2N1599 


400 


Forward Current RMS 

*T (RMS) 

1.6 

Amp 

(All Conduction Angles) 




Peak Forward Surge Current 

!tSM 


Amp 

(One Cycle, 60 Hz, Tj = -65 to + 125°C) 


15 


Peak Gate Power - Forward 

p GM 

0.1 

Watt 

Average Gate Power - Forward 

p G(AV) 

0.01 

Watt 

Peak Gate Current - Forward 

l GM 

0.1 

Amp 

Peak Gate Voltage - Forward 

V GFM 

10 

Volts 

Reverse 

V GRM 

10 


Operating Junction Temperature Range 

t j 

-65 to +125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 


*VrSM * or types can be applied on a continuous dc basis without incurring damage. 


5.0- 
2.0 

1 . 0 - | 
0.5 

0.2 

0.1 

.05-| 

.02 


.ooi x: 


MAXIMUM ALLOWABLE 
FORWARD GATE CURRENT 

•GM = too mA 


3.0 VOLTS 
GATE VOLTAGE ■ 
REQUIRED TO 
TRIGGER ALL UNITS 1 


iO<fl 

m 


GATE TRIGGER CHARACTERISTICS 


, MAXIMUM ALLOWABLE GATE POWER 

PGM = 100 mW 


- AS A TRIGGER CIRCUIT DESIGN CRITERIA 
ALL UNITS WILL TRIGGER AT ANY VOLTAGE 
AND CURRENT WITHIN THIS AREA 


- 10 mA GATE CURRENT REQUIRED 
TO TRIGGER ALL UNITS 
(Tj = 125°C — 5 mA) 

(Tj = — 65'C — 15 mA) 


"TYPICAL TRIGGER POINT 


MAXIMUM ALLOWABLE FORWARD 
GATE VOLTAGE 10 VOLTS 


1 I 1 1 — 1 

3 4 5 6 7 

Vgt.GATE VOLTAGE (VOLTS) 
(Tj = 25°C, ANODE @ 12 VOLTS) 


FORWARD CONDUCTING CHARACTERISTICS 



2-205 





































2N1595 thru 2N 1599 (continued) 

ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Units 

Peak Forward Blocking Voltage* 

V DRM* 

■I 

■ 


Volts 

(Tj = 125°C) 2N1595 

IS 

■ 



2N1596 


KM 


^B 


2N1597 


HI 

H 

^B 


2N1598 


300 




2N1599 


400 

B 

B 


Peak Forward Blocking Current 

r DRM 

■ 

■ 



(Rated Vdrm with gate open, Tj = 125°C) 

B 

B 



Peak Reverse Blocking Current 

!rRM 

■ 

■ 



(Rated V RSM . Tj = 125°C) 

H 

B 



Gate Trigger Current (Continuous dc) 

X GT 

■ 




(Anode Voltage = 7 Vdc, R L = 12 fi) 

B 

2.0 



Gate Trigger Voltage (Continuous dc) 

V GT 




Volts 

(Anode Voltage = 7 Vdc, R L = 12 Q) 

— 

0.7 

3.0 


( V DRM = Rated, = 12 O, Tj = 12 5°C) 

V GNT 

0.2 

— 



Holding Current 


M 


|| 

mA 

(Anode Voltage = 7 Vdc, Gate Open) 

B 

5.0 

B 


Forward On Voltage 

V TM 

■ 



Volts 

(It = 1 Adc) 

B 

1.1 

2.0 


Turn-On Time (t d + t r ) 

ht 

B 


B 

JUS 

(Igt = 10 ni A, It = 1A) 

i 

B 

0.8 

B 


Turn-Off Time 

tq 

■ 


mm 


(IT = 1 A, I r = 1 A, dv/dt = 20 V//xs, Tj = 125°C) 
(Vdrm = rated voltage) 



10 

! 

i 



*Vdrm * or a U types can be applied on a continuous dc basis without incurring damage. 


CURRENT DERATING 


CASE TEMPERATURE 



AMBIENT TEMPERATURE 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

Ij(AV), AVERAGE FORWARD CURRENT (AMP) 


2N 1613 (SILICON) 

For Specifications, See 2N718A Data. 
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2N 1651 thru 2N 1653 (Germanium) 
2n2285 thru 2n2287 (Germanium) 



CASE 161 

(TO-41 ) 

2N1651 thru 2N1653 
Collector connected to case 



CASE 3A 

(TO-3 modified) 
2N2285 thru 2N2287 


PNP Germanium power transistors designed for high-current 
switching applications requiring low saturation voltages and fast 
switching times in addition to good safe operating area. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N1651 

2N2285 

2N1652 

2N2286 

2N1653 

2N2287 

Unit 

Collector -Emitter Voltage 

v 

CEO 

30 

60 

80 

Vdc 

Collector -Base Voltage 

v 

CB 

60 

100 

120 

Vdc 

Emitter-Base Voltage 

V EB 

1.5 - 

Vdc 

Collector Current - Continuous 

J c 

— 25 — 

Adc 

Base Current - Continuous 

! b 

5.0 — ^ 

Adc 

Total Device Dissipation @ T^, = 25° C 
Derate above 25° C 

P D 

^ 106 ^ 

1.25 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +110 — - 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

e jc 

0.8 

0 

o 


FIGURE 1 - SUSTAINING VOLTAGE TEST CIRCUIT 


* B (off) 


Rl = 1.0 Ohm, 20 Watts 

R 2 =7.5 Ohms, 2.0 Watts 

R 3 = 0.1 Ohm, 1.0% 

R 5 : lc Adjust @Vce = vz ** < 

Bt: Adjust for lB(on) = ^0 1 

\ 

ii 

R4-0.04 Ohm 

B 2 = 1.5 Vdc, Adjust for 1 B(off) = 0-2 Adc 

B 3 = 12 Vdc \ 

\ 

>R, 

>R2 

*Not required if current probe is used to read Ibi 

1/ 

I / 

**PRF = 60 Hz 

— 

V- J - 

r 8 ' /i 

V 

***Zener selected to establish Sustaining Voltage. J 

r 82 


NOTE: Series impedance and inductance must be kept to a minimum. 



HI B 3 
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2N1651 thru 2N1653/2N2285 thru 2N2287 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


bv ceo 



Vdc 

(I c = 100 mAdc, I B = 0) 

2N1651, 2N2285 

30 

_ 


2N1652, 2N2286 


60 

- 



2N1653, 2N2287 


80 

- 


Collector -Emitter Sustaining Voltage (See Figure 1) 


V CE(sus) 



Vdc 

(I = 25 Adc) 

2N1651, 2N2285 

40 

- 


. 

2N1652, 2N2286 


45 

- 



2N1653, 2N2287 


50 

- 


Collector Cutoff Current 


r CB01 



j/Adc 

(V cb = 2.0 Vdc, I E = 0) 


- 

200 


Collector Cutoff Current 


r CB02 



mAdc 

(V CB = 40 Vdc, I E = 0) 

2N1651, 2N2285 

- 

5.0 


(V CB =80Vdc, I E = 0)' 

2N1652, 2N2286 


- 

5.0 


(V CB = 100 Vdc, i E = 0) 

2N1653, 2N2287 


- 

5.0 


Collector Cutoff Current 


r CB03 



mAdc 

( V Cb = 40 vdc > : E = °> T c = 100 ° c ) (+0,-3. 0°C) 

2N1651, 2N2285 

- 

35 


(V CB = 80 Vdc, I E = 0, T c = 100° C) (+0,-3. 0°C) 

2N1652, 2N2286 


- 

35 


( V Cb = 100 Vdc > X e = °> T c = li}0 ° c ) (+<>, -3. 0° C) 

2N1653, 2N2287 


- 

35 


Collector Cutoff Current 


X CB04 



mAdc 

(V CB = 60 Vdc, I E = 0) 

2N1651, 2N2285 

- 

20 


(V CB = 100 Vdc, I E = 0) 

2N1652, 2N2286 


- 

20 


(V CB = 120 Vdc, I E = 0) 

2N1653, 2N2287 


- 

20 


Emitter Cutoff Current 


j 



mAdc 

(V EB = 1.5Vdc, I c = 0) 


EBO 

- 

50 



ON CHARACTERISTICS 


DC Current Gain 
(I c = 10 Adc, V CE =2.0 Vdc) 

(I c = 25 Adc, V CE = 1. 5 Vdc) 

h FE 

35 

20 

140 


Collector-Emitter Saturation Voltage 
(I_ = 25 Adc, I D = 2. 5 Adc) 

L, D 

V CE(sat) 

- 

0.30 

Vdc 

Base -Emitter Saturation Voltage 
(I„ = 25 Adc, I D = 2. 5 Adc) 

L, D 

V BE(sat) 


0.65 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Current Gain 





(I c = 0. 5 Adc, V CE =6.0 Vdc, f = 30 kHz) 

fe 

20 

- 



SWITCHING CHARACTERISTICS 


Rise Time 

(I c = 25 Adc, I B(on) = 2. 5 Adc, I B(o{{) = 2. 5 Adc) 

(See Figure 2) 

t 

r 

- 

12 

[IS 

Storage Time 

*s 

- 

10 

lis 

Fall Time 

‘f 

- 

8.0 

IIS 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


PULSE WIDTH = 50 ns 
DUTY CYCLE = 10% 


PULSE °“ 
GENERATOR ^ 


SCOPE O- 


Adj for 
lB(on)=2.5A 
« 12 V 




Adj 

IC= 25 A 
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2n1692 / 2n1693 


For Specifications, See 2N1561 Data. 


2n1705 thru 2n1 707 (GERMANIUM) 


CASE 31(1) 

(TO-5) 


Base connected to case 



PNP germanium transistors for audio driver appli- 
cations in transistorized radio receivers. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N1705 

2N1706 

2N1707 

Unit 

Collector- Base Voltage 

V CB 

18 

25 

30 

Vdc 

Collector-Emitter Voltage (R BE = 1 K) 



18 

25 

Vdc 

Emitter- Base Voltage 

V EB 

5.0 

5.0 

10 

Vdc 

Collector Current 

X C 

400 

mA 

Collector Dissipation at = 25 °C 

P D 

200 

mW 

Junction Temperature Range 

T J 

-65 to +100 

°C 
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2N1705 thru 2N1707 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 




Unit 

Collector- Base Cutoff Current 


X CBO 

H 


HI 

fiAdc 

(V CB = -lOVdc) 

2N1705 



mm 


2N1706 




■9 


(V CB = -25 Vdc) 

2N1707 


9 

9 

9 


Emitter- Base Cutoff Current 


J EBO 

9 


PI 


( V EB= - 5Vdc) 

2N1705 


4.0 

E9 

H ■ 

2N1706 





■ 

(V EB = -10 Vdc) 

2N1707 


9 

9 


■ 

Collector- Emitter Voltage 


bv cer 


9 

■ 

Vdc 

(I c = 1 mAdc, R be = 1 K) 

2N1705 

12 




2N1706 


18 





2N1707 


25 

i 



Base- Emitter Voltage 


V BE 


■ 



(I c = 10 mA, V CE = 5 V) 

2N1706 

0.15 


0.35 

| 

(I c = 20 mA, V CE = 1 V) 

2N1705 


0.2 

B 

0.4 


DC Current Gain 


h FE 





d c = 10 mAdc, V CE = -5 V) 

2N1707 



150 

BB 

d c = 20 mAdc, V CE = -IV) 

2N1706 



H 

120 

H 

Small Signal Current Gain 


h fe 






(I c = 1 mA, V CE = -6 V, f = 1 kHz) 

2N1705 



150 


(I c = 10 mA, V C£ = -5 V, f = 1 kHz) 

2N1706 




150 


2N1707 



B 

150 


Output Admittance Conductance 


h ob 



M 

/imhos 

(I c = 1 mA, V CB = -6 V, f = 1 kHz) 

2N1705 

--- 

0.5 



(I c = 10 mA, V CE = -5 V, f = 1 kHz) 

2N1706, 2N1707 


--- 

3.0 

9 


Input Impedance 





i 

ohms 

(I c = 1 mA, V CE = -6 V, f = 1 kHz) 

2N1705 





d c = 10 mA, V CE = -5 V, f = 1 kHz) 

2N1706, 2N1707 


9 


9 


Voltage Feedback Ratio 


Bsa 

mm 


i 

A 

(I c = 1 mA, V C0 = -6 V, f = 1 kHz) 

2N1705 


■ 

3. 0 

B 

X10 * 

(I c = 10 mA, V c =-5V,f = 1 kHz) 

2N1706 

I 

I 

0.69 

11 

X10" 6 

_4 

X10 


2N1707 


m 

4.5 

B 

Frequency Cutoff 


^a£> 

■ I 




d r = 1 mA, V = -6 V) 

2N1706, 2N1707 


3. 0 




2N1705 


E9 

4. 0 

B 


Output Capacitance 


C ob 

1 


B 

PF 

d c = 1 mA, V CB = -6 V, f = 1 MHz) 


m 

20 



Noise Figure 


NF 




dB 

d c = 1 mA, V CB = -6 V, R = 1 K, f = 

1 kHz) 2N1705 


— 

6.0 

— 
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2n1708 (SILICON) 


CASE 26 

(TO-46) 



Collector electrically 
connected to case 


NPN silicon transistor designed for very high- 
speed, low-power saturated switching applications for 
computers in military and industrial service. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

CEO 

12 

Vdc 

Collector- Base Voltage 

V CB 

25 

Vdc 

Emitter- Base Voltage 

V EB 

3.0 

Vdc 

Collector Current 

! C 

200 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

300 

mW 

Derate above 25°C 


2.0 

mW/°C 

Total Device Dissipation @ T^ = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


6.67 

mW/°C 

Operating Junction Temperature 

t j 

+175 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


FIGURE 1 — TURN-ON AND TURN-OFF TIME TEST CIRCUIT 




NOTE 1: With certain types of power supplies, it may be necessary to connect 

25 mF decoupling capacitors across the power-supply terminals for V cc and V BB . 

NOTE 2: Input voltage (V in ) obtained from a pulse generator having an output impedance 
of 50 ohms. V in rise time fS 1.0 ns, pulse duration ^ 300 ns, and duty factor 
^ 2 . 0 %. 

NOTE 3: Input and output waveforms, shown above, monitored by means of an oscilloscope 
having a rise time ^ 0.5 ns, input capacitance of probe ^ 2.5 pF with shunt 
resistance ^ 3000 ohms. 


2-211 




































2N1708 (continued) 

ELECTRICAL CHARACTERISTICS (T a = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage* 

(I c = 10 mAdc, I B = O) 

RV * 

BV CEO(sus) 

12 


Vdc 

Collector-Base Breakdown Voltage 
(I c = 100 M Adc, I E = O) 

bv cbo 

25 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E - 100 M Adc, I c = 0) 

bv ebo 

3.0 

- 

Vdc 

Collector -Cutoff Current 
(V CE = 10 Vdc ’ V BE = °* 25 Vdc ’ T A = 100 ° C) 

*cex 

- 

15 

pAdc 

Collector Cutoff Current 
(V CB = 15 Vdc, I E = 0) 

(V CB = 15 Vdc, I £ = O, T a = 150° C) 

r CBO 

- 

0.025 

15 

/xAdc 

ON CHARACTERISTICS 

DC Current Gain* 

(I c = 10 mAdc, V CE = 1.0 Vdc) 

h FE 

20 

- 

- 

Collector-Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1.0 mAdc) 

(1^ = 50 mAdc, I 0 = 5. 0 mAdc) 

V CE(sat) 

_ 

0.22 

0.35 

Vdc 

Base -Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1.0 mAdc) 

V BE(sat) 

0, 

0.9 

Vdc 

DYNAMIC CHARACTERISTICS 

Current-Gain— Bandwidth Product 
(I c = 10 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

200 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I £ = 0, f = 140 kHz) 

O 

o 

cr 

- 

6.0 

pF 

Turn-On Time (Figure 1) 

(I c = 10 mAdc, I 01 = 3. 0 mAdc, I B2 = 1.0 mAdc) 

fc on 

- 

40 

ns 

Turn-Off Time (Figure 1) 

(V cc = 3. 0 Vdc, I c = 10 mAdc, I = 3. 0 mAdc, I B2 = 1. 0 mAdc) 

4 off 

- 

75 

ns 

Storage Time (Figure 2) 

(I c = 10 mAdc, I B1 = I B2 = 10 mAdc) 

‘s 

- 

25 

ns 


* Pulse Test: Pulse Length s 6. 0 ms, Duty Cycle § 30%. 


FIGURE 2 - STORAGE TIME TEST CIRCUIT 



PULSE 

GENERATOR 

VOLTAGE 

(V,„) 


OUTPUT 

VOLTAGE 

ou 



NOTE 1 : Input voltage (V in ) obtained from pulse generator 
having an output impedance of 50 ohms. V in rise 
time < 1 ns, pulse duration ^ 300 ns, and duty 
factor fg 2.0%. 


NOTE 2: Input and output wave forms monitored by means 
of an oscilloscope having a rise time g 0.5 ns; 
input capacitance of probe ^ 2.5 pF with shunt 
resistance ^ 1000 ohms. 


2n1711 

For Specifications, See 2N718A Data. 
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2N 1724 (SILICON) 
2n1725 



(TO-61 ) 


NPN silicon power transistors designed for switch- 
ing and amplifier applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 


Collector-Base Voltage 

V CB 

120 

Vdc 

Collector -Emitter Voltage 

V CE 

80 

Vdc 

Emitter-Base Voltage 

V EB 

10 

Vdc 

Collector Current (Continuous) 


5.0 

Adc 

Power Dissipation 

P D 

117 

1 

Thermal Resistance, Junction to Case 

0JC 

1.5 

°c/w 

Junction Operating Temperature Range 

T J 

-65 to +200 

°c 
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2N1724, 2N1725 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Emitter -Base Cutoff Current 


*EBO 




mAdc 

(V EB = 9 Vdc) 

2N1725 

- 

" 

0.5 


(V EB = 10 Vdc) 



- 


10.0 


Collector-Emitter Cutoff Current 


X CES 




mAdc 

(Vc E =6°Vdc > V BE =0) 


- 


1.0 


(V rE = 60 Vdc, V„ F = 0, T r = 150°C) 



- 

- 

2.0 


(V CE = 120 Vdc, V BE = 0, T c = 150°C) 



- 

- 

10.0 


Collector -Base Cutoff Current 


^BO 




mAdc 

(V CB = 3 Vdc, Ig = 0) 


- 


0.1 


Collector -Emitter Sustaining Voltage 
(I c = 200 mAdc, I 0 = 0) 

V CEO(sus) 

80 

- 

- 

Vdc 

DC Current Gain 







(V CE = 15 Vdc, l c = 2 Adc) 

2N1724 

FE 

20 

40 

90 


2N1725 


50 

90 

150 


(V CE = 15 Vdc, I c = 2 Adc, T a = -55°C) 

2N1724 

2N1725 


12 

25 

_ 

- 


(V CE = 15 Vdc, I c = 0. 1 Adc) 

2N1724 


20 

- 

- 


2N1725 


50 

- 

- 


Collector-Emitter Saturation Voltage 


V CE(sat) 




Vdc 

(I c = 2 Adc, I B = 200 mAdc) 



0.5 

1.0 


Base -Emitter Saturation Voltage 
(I c = 2 Adc, I = 200 mAdc) 

V BE(sat) 


1.2 

2.0 

Vdc 

High Frequency Current Gain 


h fe 





( V CE = Vdc, I c = 0. 5 Adc, f = 10 MHz) 


1.0 

1.6 

- 


Common Base Output Capacitance 


C ob 




pF 

(V CB = 10 Vdc, f = 0. 1 MHz) 



260 

550 

Switching Times 






jus 

(I c = 2 Adc, 1 B1 = -I B2 =0.2 Adc) 

Delay time plus Rise time 


‘d +t r 

_ 

0.15 

_ 


Storage time 


t 

s 

- 

1.3 

- 


Fall time 


*f 


0.14 
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, Power Dissipation (Watts) 


2N1724, 2N1725 (continued) 


FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 









' 2N1724" 













0.3 0.4 0.5 0.8 1.0 2.0 

Collector Current (Amp) 


3.0 4.0 5.0 
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2n1751 (GERMANIUM) 



Collector Connected to Case 

CASE 3A 
(TO-3 modified) 


PNP Germanium power transistor designed for high- 
current switching applications requiring low saturation 
voltages, short switching times and good sustaining 
voltage capability. 

• Alloy-Diffused Epitaxial Construction 

• Low Saturation Voltages — 

v CE(sat) = 0.3 Vdc (Max) @ Ic = 20 Adc 
v BE(sat) = 0.7 Vdc (Max) @ Ic = 20 Adc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

CEO 

60 

Vdc 

♦Collector -Base Voltage 

V CB 

80 

Vdc 

♦Emitter -Base Voltage 

V EB 

2.5 

Vdc 

♦Collector Current - Continuous 

J c 

25 

Adc 

Base Current - Continuous 

X B 

5.0 

Adc 

Total Device Dissipation @T C = 25° C 

P D 

106 

Watts 

Derate above 25° C 

1.25 

W/°C 

♦ Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-65 to +110 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

♦Thermal Resistance, Junction to Case 

6 JC 

0.8 

°c/w 


* Indicates JEDEC Registered Data. 


FIGURE 1 - SUSTAINING VOLTAGE TEST CIRCUIT 


Rl = 1.0 Ohm, 20 Watts 
R2 = 10< Ohms, 2.0 Watts 
R3 = 0.1 Ohm, 1.0% 

R 4 - 0.04 Ohm 


R 5 : Ic Adjust @ Vqe = Vz 

8 1 - Adjust for I B(on)= H 

B 2 = 2.0 Vdc, Adjust for I B(off) = 0.2 Adc 
B 3 = 12 Vdc 


*Not required if current probe is used to read Ib 
**PRF« 60 Hz 

***Zener selected to establish Sustaining Voltage. 

NOTE: Series impedance and inductance must be kept to a minimum. 
Adjust input pulse width for \q = 25 A condition. 


iB(off) ► R4 
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2N1751 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector -Emitter Breakdown Voltage 

BV CEO 



Vdc 

(I c = 100 mAdc, I B = 0) 

60 

- 


Collector -Emitter Sustaining Voltage (See Figure 1) 

<I C = 25 Adc) 

^CE(sus) 

45 

- 

Vdc 

* Floating Potential 

V 

V EBF 



Vdc 

(V CB = 80 Vdc, I E = 0) 

- 

1.0 


Collector-Emitter Cutoff Current 

T 

XER 



mAdc 

( V CE = 80 Vdc > R BE = 50 0hms ) 

- 

50 


Collector Cutoff Current 

X CES 



mAdc 

(V CE =80Vdc, V BE =0) 

- 

5.0 


Collector Cutoff Current 

r CB01 



fi Adc 

(V CB = 2.0Vdc, I E =0) 

- 

200 


Collector Cutoff Current 

r CB02 



mAdc 

*(V CB = 80 Vdc, I E = 0) 

- 

5.0 


(V CB = 80 Vdc, I E =0, T q = 100° C, +0, -3°C) 


- 

25 


•Emitter Cutoff Current 

X EBO 



mAdc 

<V EB = 2. 5 Vdc, I c =0) 

- 

50 



ON CHARACTERISTICS 


♦ DC Current Gain 

h FE 



_ 

(I c = 20 Adc, V CE = 1. 5 Vdc) 

30 

90 


Collector -Emitter Saturation Voltage 

V CE(sat) 



Vdc 

(I c = 20 Adc, I B = 2. 5 Adc) 

- 

0.3 


Base -Emitter Saturation Voltage 


■ 



(F = 20 Adc, I_ = 2. 5 Adc) 

L 13 

1 




SMALL-SIGNAL CHARACTERISTICS 


♦ Common-Base Cutoff Frequency 

f ab 



MHz 

(I c = 0. 5 Adc, V CB = 10 Vdc) 


- 


* Small -Signal Current Gain 




- 

(I c = 0. 5 Adc, V CE = 6. 0 Vdc, f = 30 kHz) 


- 



SWITCHING CHARACTERISTICS 


Rise Time 

<I C = 25 Adc, I B(on) = 2. 5 Adc, 

Wf) =2 ' 5Adc) 

(See Figure 2) 

t 

r 

- 


lis 

Storage Time 

‘s 

- 


lis 

Fall Time 

‘f 

- 

8.0 

IIS 


♦Indicates JEDEC Registered Data. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


PULSE 

GENERATOR 


1.1 



Adj 

1C = 25 A 
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2N1842 thru 2N 1850 (SILICON) 


CASE 263 



Industrial-type, silicon controlled rectifiers in a stud package 
with current handling capability to 16 amperes at junction 
temperatures to 100°C. MCR equivalents available in TO-48 
package - i.e. — 2N1842 available in T048 package as MCR1842. 


MAXIMUM RATINGS (Tj — 100°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage* 

v RSM(rep)* 


Volts 

2N1842 


25 


2N1843 


50 


2N1844 


100 


2N1845 


150 


2N1846 


200 


2N1847 


250 


2N1848 


300 


2N1849 


400 


2N1850 


500 


Peak Reverse Blocking Voltage 

VRSM (non-rep) 


Volts 

(Transient) 2N1842 


35 


(Non-Recurrent 5 ms max.) 2N1843 


75 


2N1844 


150 


2N1845 


225 


2N1846 


300 


2N1847 


350 


2N1848 


400 


2N1849 


500 


2N1850 


600 


Forward Current RMS 

^(RMS) 

16 

Amp 

(All Conduction Angles) 




Circuit Fusing Considerations 

I 2 t 



(Tj = -40 to +100°C, t ^ 8.3 ms) 


60 

■Hi 

Peak Forward Surge Current 

J TSM 


Amp 

(One Cycle, 60 Hz, Tj = -40 to +100°C) 


125 


Peak Gate Power - 

P GM 

5.0 

Watts 

Average Gate Power 

P G(AV) 

0.5 

Watt 

Peak Gate Current - 

! gm 

2.0 

Amp 

Peak Gate Voltage - Forward 

V GFM 

10 

Volts 

Reverse 

v grm 

5.0 


Operating Junction Temperature Range 

t j 

-40 to +100 

°C 

Storage Temperature Range 

T stg 

-40 to +125 

°C 

Stud Torque 

— 

30 

in. lb. 


* v RSM(rep) for a11 tyP es can be applied on a continuous dc basis without incurring damage. 
Ratings apply for zero or negative gate voltage. 
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2N1842 thru 2N1850 (continued) 


ELECTRICAL CHARACTERISTICS 0c = 25°c unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Units 

Peak Forward Blocking Voltage* 


V DRM* 




Volts 

(Tj = 100°C) 

2N1842 

25 

— 

— 


2N1843 


50 

— 

— 



2N1844 


100 

— 

— 



2N1845 


150 

— 

— 



2N1846 


200 

— 

— 



2N1847 


250 

— 

— 



2N1848 


300 

— 

— 



2N1849 


400 

— 

— 



2N1850 


500 

— 



Peak Forward or Reverse Blocking Current 

X DRM 


■ 


mA 

(Rated V F0M or V RQM gate open, Tj = 

100°C) 

J RRM 

— 

H 

6.0 


Gate Trigger Current (Continuous dc) 


*GT 





(Anode Voltage = 7 Vdc, R L = 50 ft) 


— 

15 

80 


Gate Trigger Voltage (Continuous dc) 



■ 




(Anode Voltage = 7 Vdc, R L = 50 ft) 



0.8 



(VdRM = Rated V, R F = 50 H, Tj = 100 

°C) 



— 



Holding Current 



| 


■ 


(Anode Voltage = 7 Vdc, Gate Open) 


1 


i 


Forward On Voltage 


V TM 

■ 



Volts 

(I F = 16 Adc) 


B 

1.1 

1.8 


Turn-On Time (t d + t ) 


t gt 



■B 

MS 

(I Q = 50 mA, I F = 10 A) 


— 

1.0 

B 


Turn-Off Time 

(I F = 10 A, I R = 10 A; dv/dt = 20 V/jU,s, 

Tj = 100°C) 

t q 

B 

25 

■ 

MS 

( V DRM = rated voltage) 



1 


■ 


Forward Voltage Application Rate 


dv/dt 

■ 


mm 

V/ MS 

(Gate open, Tj = 100°C) 



I 

30 

1 


Thermal Resistance (Junction to Case) 

®JC 


1.0 

2.0 

°c/w 


*Vdrm for types can be applied on a continuous dc basis without incurring damage. 


Ratings apply for zero or negative voltage. 
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, CASE TEMPERATURE (°C) o ' GT ' GATE CURRENT (AMP) 









2n1842A thru 2n1850A (SILICON) 

Industrial-type , silicon controlled rectifiers in a stud 
package with current handling capability to 1 6 amperes 
at junction temperatures to 125°C. 


MAXIMUM RATINGS (Tj = 125°C unless otherwise noted) 



Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage* 

2N1842A 

v RSM(rep)* 

25 

Volts 


2N1843A 


50 



2N1844A 


100 



2N1845A 


150 



2N1846A 


200 



2N1847A 


250 



2N1848A 


300 



2N1849A 


400 



2N1850A 


500 


Peak Reverse Blocking Voltage 


VRSM (non-rep) 


Volts 

(Transient) 

2N1842A 

35 


(Non-Recurrent 5 ms max.) 

2N1843A 


75 



2N1844A 


150 



2N1845A 


225 



2N1846A 


300 



2N1847A 


350 



2N1848A 


400 



2N1849A 


500 



2N1850A 


600 


Forward Current RMS 

^(RMS) 

16 

Amp 

Peak Forward Surge Current 


!tSM 


Amp 

(One Cycle, 60 Hz, Tj = -65 to + 125°C) 


125 


Circuit Fusing Considerations 


I 2 t 



(Tj = -65 to +125°C, t g 8.3 ms) 



60 

Hi 

Peak Gate Power - Forward 

P GM 

5.0 

Watts 

Average Gate Power - Forward 

p G(AV) 

0.5 

Watt 

Peak Gate Current - Forward 

l GM 

2.0 

Amp 

Peak Gate Voltage - Forward 


V GFM 

10 

Volts 

Reverse 


V GRM 

5.0 


Operating Junction Temperature Range 

T J 

-65 to +125 

o 

o 

Storage Temperature Range 

T stg 

-65 to +150 

°c 

Stud Torque 

— 

30 

in. lb. 


* v RSM(rep) for al l tyP es can be applied on a continuous dc basis without incurring damage. 
Ratings apply for zero or negative gate voltage. 
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2N1842 A thru 2N1850A (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Units 

Peak Forward Blocking Voltage* 

Vdrm* 




Volts 

(T, = 125°C) 2N1842A 

25 

, 

— 


2N1843A 


50 

— 

— 


2N1844A 


100 

— 

— 


2N1845A 


150 

— 

— 


2N1846A 


200 

. 

■ 


2N1847A 


250 

— 



2N1848A 


300 

— 



2N1849A 


400 

— 

9 


2N1850A 


500 

— 

1 


Peak Forward or Reverse Blocking Current 

! drm 

■ 

■ 


mA 

( V DRM> OR v RSM>S ate open, Tj = 125°C) 

J RRM 

H 

H 

6.0 


Gate Trigger Current (Continuous dc) 

X GT 




mA 

(Anode Voltage = 7 Vdc, R L = 50 ft) 

— 

15 

80 


Gate Trigger Voltage 

V GT 




Volts 

(Anode Voltage = 7 Vdc, R L = 50 ft) 

— 

0.8 

2.0 


( V DRM = Rated V, R L = 50ft, Tj = 125°C) 

V GNT 

0.25 

— 

— 


Holding Current 

IH 

■ 


■ I 

mA 

(Anode Voltage = 7 Vdc, Gate Open) 


S3 

20 

B 


Forward On Voltage 

V x 

■ 

Bl 

mm 

Volts 

(I x = 16 Adc) 

I 

D 

D 


Turn-On Time (t d + t r ) 

(Iqj= 50 mA, I j = 10 A) 

*gt 

B 

1.0 

B 

^ s 

Turn-Off Time 

to 




ULS 

(I T = 10 A, I R = 10 A, dv/dt = 20 V/p is, Tj = 125°C) 



30 

B 


Forward Voltage Application Rate 

dv/dt 


30 

i 

V/ MS 

(Gate Open, Tj = 125°C) 



a 


Thermal Resistance (Junction to Case) 

e jc 

— 

1.0 

2.0 

°C/W 


*Vdrm for aR types can be applied on a continuous dc basis without incurring damage. 


Ratings apply for zero or negative gate voltage. 
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r c , CASE TEMPERATURE (°C1 I GT, GATE CURRENT (AMP) 


2N1842A thru 2N1850A (continued) 


MAXIMUM ALLOWABLE 
FORWARD GATE CURRENT 
IGM = 2 AMP 


GATE TRIGGER CHARACTERISTICS 


2.0 VOLTS 
GATE VOLTAGE 
REQUIRED TO 
TRIGGER ALL UNITS 



* PEAK GATE POWER 
PGM = 5 WATTS 


AS A TRIGGER CIRCUIT DESIGN CRITERIA 
ALL UNITS WILL TRIGGER AT ANY VOLTAGE 
AND CURRENT WITHIN THIS AREA 

. 80 mA GATE CURRENT 

: / REQUIRED TO TRIGGER ALL UNITS 

I L (125°C — 50 mA) 


(_ 65-C — 150 mA) 
Vqt = 3.5 VOLTS 


TYPICAL TRIGGER POINT 


PEAK FORWARD 
GATE VOLTAGE 10 VOLTS ' 


r — i - t » r t t 

2 3 4 5 6 7 8 

Vqt, gate VOLTAGE (VOLTS) 

(Tj = 25°C, ANODE @ 7 VOLTS) 


0.25 


FORWARD CONDUCTING CHARACTERISTICS 



Vj, INSTANTANEOUS FORWARD ON VOLTAGE (VOLTS) 


CURRENT DERATING 



0 2 4 6 8 10 12 14 16 


Ij(AV), AVERAGE FORWARD CURRENT (AMP) 


SUGGESTED HEAT SINK SIZES 



40 60 80 

T a , AMBIENT TEMPERATURE (°C) 
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2n1893 (SILICON) 

2N2405 



CASE 31 

(TO-5) 


Collector connected 
to case 


NPN silicon annular transistors designed for medium- 
power amplifier and switching applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N1893 

2N2405 

Unit 

Collector-Emitter Voltage 

v 

V CEO 

80 

90 

Vdc 

Collector-Emitter Voltage 

V CER 

100 

140 

Vdc 

Col lector -Base Voltage 

V CB 

120 

Vdc 

Emitter -Base Voltage 

V EB 

7 

0 

Vdc 

Collector Current 

! c 

0.5 

1.0 

Adc 

Total Device Dissipation @ = 25®C 

P D 

0.8 

1.0 

Watt 

Derate above 25°C 


4.57 

5. 71 

mW/°C 

Total Device Dissipation @ T^, = 25°C 

P D 

3.0 

5.0 

Watts 

Derate above 25°C 

17.2 

28.6 

mW/°C 

Operating and Storage Junction Temperature Range 

V T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

2N1893 

2N2405 

Unit 

Thermal Resistance. Junction to Case 

6 JC 

58.3 

35 

°c/w 

Thermal Resistance. Junction to Ambient 

6 ja 

219 

175 

°c/w 


ELECTRICAL CHARACTERISTICS (T a = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage* 


RV * 

t3V CEO(sus) 



Vdc 

(I c = 30 mAdc, I B = 0) 

2N1893 

80 

- 


(I c = 100 mAdc, I B = 0) 

2N2405 


90 

- 


Collector-Emitter Sustaining Voltage 


BV CER(sus) 



Vdc 

(1^ = 100 mAdc, Rgg = 10 ohms) 

2N1893 

100 

- 


2N2405 


140 

- 


Collector -Base Breakdown Voltage 


bv cbo 



Vdc 

(I c = 100 MAdc, I £ = 0) 


120 

- 


Emitter-Base Breakdown Voltage 


bv ebo 



Vdc 

(I E =100 MAdc, I c =0) 


7.0 

- 


Collector Cutoff Current 


^BO 



MAdc 

( V CB = 90 vdc > ^ = °) 


- 

0.01 


(V CB = 90 Vdc ’ *E = °» t A = 150 ° c ) 

2N1893 


- 

15 


2N2405 


- 

10 


Emitter Cutoff Current 


^BO 



MAdc 

< v be = 5 - ovdc ’ >c =0) 


- 

0.01 
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2N1893, 2N24 05 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

Min 

Max 

Unit 

ON CHARACTERISTICS 

DC Current Gain ^ 


h FE 



_ 

(I c = 0. 1 mAdc, V CE = 10 Vdc) 

2N1893 

20 

- 


(I c = 10 mAdc, V CE = 10 Vdc) 

2N1893 


35 

- 


(I c = 10 mAdc, V CE = 10 Vdc, T A = -55°C) 

2N1893 


20 

- 


(I c = 150 mAdc, V CE = 10 Vdc) 

2N1893 


40 

120 


2N2405 


60 

200 


Collector-Emitter Saturation Voltage 


V CE(sat) 



Vdc 

(1^ = 50 mAdc, Ig = 5. 0 mAdc) 

2N1893 

- 

1.2 


(L, = 150 mAdc, I_ = 15 mAdc) 

L D 

2N1893 


- 

5.0 


2N2405 


- 

0.5 


Base-Emitter Saturation Voltage 


V BE(sat) 



Vdc 

(1^, = 50 mAdc, 1^ = 5. 0 mAdc) 

2N1893 

- 

0.9 


(1^ = 150 mAdc, Ig = 15 mAdc) 

2N1893 


- 

1.3 


2N2405 


- 

1.1 

i 



SMALL-SIGNAL CHARACTERISTICS 


Current- Gain— Bandwidth Product 
(I c = 50 mAdc, V CE = 10 Vdc', f = 20 MHz) 

2N1893 

f T 

50 


MHz 

Output Capacitance 

(V CB = 10 Vdc, I £ = 0, 100 kHz ^ f g 1.0 MHz) 

C ob 

- 

15 

pF 

Input Capacitance 

( V Be = °- 5 Vdc > J c = °’ 100 kHz = f = L 0 MHz) 

2N1893 

c ib 

- 

85 

pF 

Input Impedance 

(I c = 1. 0 mAdc, V CB = 5. 0 Vdc, f = 1. 0 kHz) 

2N1893 

h ib 

20 

30 

ohms 

(I c =5.0 mAdc, V CB = 10 Vdc, f = 1. 0 kHz) 

2N1893, 2N2405 


4.0 

8.0 


Voltage Feedback Ratio 
(I c = 1. 0 mAdc, V CB = 5.0 Vdc, f = 1. 0 kHz) 

2N1893 

h rb 

- 

1.25 

X 10* 4 

(I c =5.0 mAdc, V CB = 10 Vdc, f = 1. 0 kHz) 

2N1893 

2N2405 


- 

1.5 

3.0 


Small- Signal Current Gain 
(I c = 1.0 mAdc, V CE =5.0 Vdc, f = 1. 0 kHz) 

2N1893 

h fe 

30 

100 

- 

(I c = 5. 0 mAdc, V CE =5.0 Vdc, f = 1. 0 kHz) 

2N2405 


50 

275 


(I c =5.0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

2N1893 


45 

- 


Output Admittance 

(I c = 1.0 mAdc, V CB = 5.0 Vdc, f = 1. 0 kHz) 

2N1893 

h ob 

- 

0.5 

Ii mho 

(I c =5.0 mAdc, V CB = 10 Vdc, f = 1. 0 kHz) 

2N1893, 2N2405 


" 

0.5 



1^1 Pulse Test: Pulse Width ^ 300 ps, Duty Cycle ^ 2.0%. 
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2n1924 thru 2n1 926 (GERMANIUM) 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector- Base Voltage 

V CB 

60 

Vdc 

Collector-Emitter Voltage 

V CEO 

40 

Vdc 

Emitter-Base Voltage 

V EB 

25 

Vdc 

Collector Current 

x c 

500 

mAdc 

Junction and Storage Temperature 

T J &T stg 

-65 to +100 

°c : 

Power Dissipation at 25° C Ambient 

P D 

225 

mW 


ELECTRICAL CHARACTERISTICS <T C = 25°C unless otherwise noted) 


Characteristics 

Symbol 

Min 

Max 

Unit 

Collector Cutoff Current 

V CB = -45 Vdc, I E = 0 

I CBO 

- 

10 

jiiAdc 

Emitter Cutoff Current 

V EB = -25 Vdc, I c = 0 

X EBO 

- 

10 

juAdc 

Collector- Base Voltage 

I c = 200 juAdc, I £ = 0 

V CBO 

60 

- 

Vdc 

Collector-Emitter Voltage 

I c = 50 fjAdc, V BE = +1. 5 Vdc, Rg E *= 10 K 

V CEX 

50 

- 

Vdc 

Collector-Emitter Voltage 

I c = 0. 6 mAdc, R be = 10 K 

V CER 

40 

- 

Vdc 

Punch- Thru Voltage (Vg B = 1 Vdc, VTVM Z 1 Megohm) 

V 

50 

- 

Vdc 
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2N1924 thru 2N1926 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristics 


Symbol Min Max 


DC Current Gain 
I_ = 20 mAdc, V r 


2N1924 

2N1925 

2N1926 



DC Current Gain 

l r = 100 mAdc, V rv = -1 Vdc 

G 2N1924 

2N1925 

2N1926 

h FE 

Collector-Emitter Saturation Voltage 

I B = 1.33 mAdc, I c = 20 mAdc 2N1924 

I B = 1.0 mAdc, I c = 20 mAdc 2N1925 

I B = 0. 67 mAdc, I c = 20 mAdc 2N1926 

V CE(SAT) 

Base Input Voltage 

V^ = -1 Vdc, I~ = 20 mAdc 

CE C 2N1924 

2N1925 

2N1926 

V BE 

Output Capacitance; Input AC Open Circuit 

V^ B = -5 Vdc, Ig = 1 mAdc, f = 1 MHz 

C 0b 

Frequency Cutoff 

V rn = -5 Vdc, I F = 1 mAdc 

* 2N1924 

2N1925 

2N1926 

f . 
ab 

Small-Signal Short-Circuit Forward- Transfer Current Ratio 
V n „ = -5 Vdc, I„ = 1 mAdc, f = 1 kHz 

CE E 2N1924 

2N1925 

2N1926 

h fe 

Small-Signal Open Circuit Output Admittance 

V~„ = -5 Vdc, I„ = 1 mAdc, f = 1 kHz 

CE E 2N1924 

2N1925 

2N1926 

h oe 

Small-Signal Open-Circuit Reverse- Transfer Voltage Ratio 
V nv = -5 Vdc, I„ = 1 mAdc, f = 1 kHz 

CE E 2N1924 

2N1925 

2N1926 

h re 

Small-Signal Short-Circuit Input Impedance 

V-,™ = -5 Vdc, I— = 1 mAdc, f = 1 kHz 

GE E 2N1924 

2N1925 

2N1926 

h ie 
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2N 1959 (SILICON) 



NPN silicon annular transistor designed for high- 
speed, medium-power saturated switchingapplications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CER 

40 

Vdc 

Rbe = 10 ohms 




Collector-Base Voltage 

V C B 

60 

Vdc 

Emitter-Base Voltage 


5 

Vdc 

Collector Current 

k: 

500 

mAdc 

Total Device Dissipation @ = 25°C 

PD 

600 

mW 

Derate above 25°C 


4.0 

mW/°C 

Total Device Dissipation @ T c = 25°C 

Pd 

2.0 

Watts 

Derate above 25°C 


1.3 

mW/°C 

Operating Junction Temperature Range 

Tj 

-65 to +175 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 
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2N1959 (continued) 


ELECTRICAL CHARACTERISTICS (T* = 25 ’C unless otherwise specified) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector- Emitter Breakdown Voltage 
(Ic = 50 u Adc, R BE = 10 ohms) 

bv cer 

40 



Vdc 

Collector-Base Breakdown Voltage 
(I c = 100 uAdc, I E = 0) 

bv cbo 

60 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 100 uAdc, l c = 0) 

bv ebo 

5.0 

— 

Vdc 

Collector Cutoff Current 
(V CB - 30 Vdc, I E = 0) 

(V CB = 30 Vdc, I E = 0, T A = 150°C) 

X CBO 


0.5 

300 

iuAdc 

ON CHARACTERISTICS 

DC Current Gain 
(I c = 150 mAdc, V C£ = 10 Vdc) 

h FE 

40 

120 


Collector- Emitter Saturation Voltage 
(Ic = 150 mAdc, Ig = 15 mAdc) 

V CE(sat) 

— 

0.45 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ig = 15 mAdc) 

V BE (sat) 

— 

1.3 

Vdc 

DYNAMIC CHARACTERISTICS 

Current-Gain— Bandwidth Product 
(I c = 25 mAdc, V Cfi = 10 Vdc, f = 100 MHz) 

f T 

100 

— 

MHz 

Output Capacitance 
(V C B = 10 Vdc, x e 1 MHz) 

C ob 

— 

18 

pF 

Turn-On Time 

Figure 1 

(Vcc = 7 Vdc, I c = 150 mAdc, 

*B1 = J B2 = 15 mAdc ’ 

fc on 

— 

65 

ns 

Turn-Off Time 

fc off 

— 

45 

ns 

Storage Time 

t s 

— 

25 

ns 


*t on » t 0 ff, and t s measured from 50% point of input pulse. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 
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2N 1970 (GERMANIUM) 

2N1980 thru 2N1982 


CASE 5 

(TO-36) 



PNP germanium power transistors for general pur- 
pose amplifier and switching applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N1970 

2N1980 

2N1981 

2N1982 

Unit 

Collector -Base Voltage 

< 

o 

CD 

100 

50 

70 

90 

Volts 

Collector- Emitter Voltage 

v CEO 

50 

30 

40 

50 

Volts 

Emitter-Base Voltage 

V EB 

40 

20 

20 

20 

Volts 

Collector Current 

! C 

15 

Amp 

Power Dissipation at Tq = 25°C 

P D 

170 

Watts 

Junction Temperature Range 

T J 

-65 to +110 

°C 


ELECTRICAL CHARACTERISTICS (Ta - 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector- Base Cutoff Current 


^BO 



mAdc 

( V CB = “ 10 ° Vdc) 

2N1970 

— 

4.0 


(V CB =-50 Vdc) 

2N1980 


— 

6.0 


(V CB =-70 Vdc) 

2N1981 


— 

6.0 


( V CB = " 90 Vdc) 

2N1982 


— 

6.0 


(V CB =-2 Vdc ) 

2N1980-2N1982 


- 

0.3 


Emitter-Base Cutoff Current 
(V EB = _ 40 Vdc) 

2N1970 

! ebo 



4.0 

mAdc 

(V EB = ' 20 Vdc) 

2N1980-2N1982 


- 

5.0 


(V EB =- 2 vdc > 

2N1980-2N1982 


— 

0.3 


Collector- Emitter Breakdown Voltage 
(I c =1 Adc, I 0 = 0) 

2N1970 

bv ceo 

50 

— 

Vdc 

2N1980 


30 

— 



2N1981 


40 

- 



2N1982 


50 

- 


Base- Emitter Voltage 

(V CE = "2 Vdc, x c = 5 Adc > 

2N1970 

V BE 

- 

0. 9 

Vdc 

Emitter Floating Potential 
(V CB = " 50 Vdc > 

2N1980 

V EBF 

- 

1. 0 

Vdc 

(V CB = ~ 70 Vdc) 

2N1981 


— 

1. 0 


(V CB = -90 Vdc) 

2N1982 


— 

1.0 


Collector- Emitter Saturation Voltage 
(I c = 12 Adc, I B = 2 Adc) 

2N1970 

V CE(sat) 

_ 

1.0 

Vdc 

(l c = 5 Adc, I B = 0. 5 Adc) 

2N1980-2N1982 


— 

0. 5 


DC Current Gain 


h FE 



— 

(I c * 5 Adc, V CE = -2 Vdc) 

2N1970 

17 

40 



2N1980-2N1982 


50 

100 


(I c = 12 Adc, V CE = -2 Vdc) 

2N1970 


10 

— 


Common Emitter Cutoff Frequency 


f ae 



kHz 

(v ce'- 4 v ' I C i5A) 

2N1970 

5.0 

- 


< V CE- 5 V ' 'c =2A) 

2N1980-2N1982 


3,0 

— 
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2n1983 (SILICON) 
2n1984 



NPN silicon annular small-signal transistor. 


CASE 31 

(TO-5) 

Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

CEO 

25 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 

z c 

1.0 

Adc 

Total Device Dissipation @ T = 25° C 

P D 

0. 6 

Watt 

Derate above 25° C 

4.8 

mW/° C 

Total Device Dissipation® T^ = 25° C 

P D 

2.0 

Watts 

Derate above 25° C 


16 

mW/°C 

Operating and Storage Junction 

Temperature Range 

wm 

-65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

e jc 

62. 5 

°c/w 

Thermal Resistance, Junction to Ambient 

°JA 

208 

°c/w 
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2N1983, 2N1984 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector -Emitter Sustaining Voltage HI 
(I c = 100 mAdc, I B = 0) 

BV CEO(sus) 

25 

- 

Vdc 

Collector-Emitter Sustaining Voltage 
(I c = 100 mAdc, R be £ 10 ohms) 

BV CER(sus) 

30 

- 

Vdc 

Collector Cutoff Current 
(V CB . 30 Vdc, I E - P) 

^BO 

- 



(V CB = 30 Vdc, I E = 0, T A = 150°C) 


- 



Emitter -Cutoff Current 
< v EB(of£r 2 - 0vdc ’ >C = 

! ebo 

- 

100 

juAdc 


ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage 
(I c = 5. 0 mAdc, I 0 = 0. 5 mAdc) 

V CE(sat) 

- 

0.25 

Vdc 

Base-Emitter On Voltage 
(I c = 1. 0 mAdc, V CE = 5. 0 Vdc) 


- 

0.85 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 


f T 



MHz 

(I c = 50 mAdc, V CE = 10 VdC, f = 20 MHz) 



40 

- 


Output Capacitance 


C ob 



pF 

(V CB = 10 Vdc, I E = 0) 


- 

45 


Input Impedance 


h ie 



k ohm 

(I c = 5. 0 mAdc, V CE = 5. 0 Vdc) 

2N1983 

- 



2N1984 


- 

Hal 


Input Resistance 


h ib 


H 

ohm 

(I c = 1.0 mAdc, V CE = 5. 0 Vdc, f = 1. 0 kHz) 


20 

1 


(I c = 5. 0 mAdc, V CE = 5. 0 Vdc, f = 1. 0 kHz) 



4.0 



Voltage Feedback Ratio 


h rb 



mmmm 

(I c = 1.0 mAdc, V CE = 5. 0 Vdc, f = 1. 0 kHz) 

2N1983 

- 

7.0 


2N1984 


- 

5.0 

m H 

(I c = 5. 0 mAdc, V CE = 5. 0 Vdc, f = 1. 0 kHz) 

2N1983 


- 

7.0 


2N1984 


- 

5.0 


Small-Signal Current Gain 


h fe 



.. 

(I c = 1.0 mAdc, V CE = 5. 0 Vdc, f = 1. 0 kHz) 

2N1983 

70 

210 


2N1984 


35 

100 


(I c = 5. 0 mAdc, V CE = 5. 0 Vdc, f = 1. 0 kHz) 

2N1983 


80 

240 


2N1984 


40 

120 


Output Admittance 


h oe 



_ 

(I c = 5. 0 mAdc, V CE = 5.0 Vdc) 

2N1983 


- 

200 


2N1984 


- 

100 


Output Admittance 


h . 
ob 



/umho 

(I c = 1. 0 mAdc, V CE = 5. 0 Vdc, f = 1. 0 kHz) 


- 

1.0 


(I c = 5. 0 mAdc, V CE = 5. 0 Vdc, f = 1. 0 kHz) 



- 

1.5 



(1) Pulse Test: Pulse Width £ 300 /as, Duty Cycle S 2. 0%. 
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2N 1990 (SILICON) 



CASE 79 

(TO-39) 


Collector connected to case 


NPN silicon transistor designed for driving neon 
display tubes. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

100 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current -Continuous 

*c 

1.0 

Adc 

Total Device Dissipation = 25° C 

P D 

0.6 

W 

Derate above 25° C 


4.8 

mW/° C 


P D 


W 





Operating & Storage Junction 

Temperature Range 


-65 to +150 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

9 JC 

62.5 

°c/w 

Thermal Resistance, Junction to Ambient 

9 ja 

208 

°c/w 


ELECTRICAL CHARACTERISTICS <t a = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector Cutoff Current 

*cex 

m 



(V CE = 75 Vdc, X B = 10 I^Adc) 

■ 

10 

/iAdc 

(V CE = 75 VdC ’ *B = 250 MAdC ’ T A = 150 ° C 


■ 

250 



ON CHARACTERISTICS 


DC Current Gain 
(I c = 30 mAdc, V C£ = 10 Vdc) 

h FE 

20 

■ 

■ 

Collector-Emitter Saturation Voltage 
(1^ = 2. 0 mAdc, 1^ = 0. 2 mAdc) 

V CE(sat) 

■ 

0.5 

Vdc 

Base -Emitter Saturation Voltage 

(I_ = 2. 0 mAdc, I„ = 0. 2 mAdc) 

C D 

V BE(sat) 

■ 

1.0 

Vdc 


2N 1991 (SILICON) 

For Specifications, See 2N1131 Data. 
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2n2042 , 2n2043 (GERMANIUM) 


PNP germanium transistors suitable for high-voltage 
audio switching and amplifier applications. Suitable for 
high-reliability projects. 


Rating 

Symbol 

Value 

Unit 

Collector -Base Voltage 

V CB 

105 

Vdc 

Collector -Emitter Voltage 

v 

V CES 

105 

Vdc 

Emitter -Base Voltage 

V EB 

75 

Vdc 

Collector Current 
(Continuous) 


200 

mAdc 

Operating Junction Temperature Range 

T J 

-65 to +100 

°C 

Storage Temperature Range 

T stg 

-65 to +100 

°C 

Collector Dissipation, Ambient 

Derate above 25 °C 

P D 

200 

2.67 

mW 

; mW/°C 

Thermal Resistance 
(Junction to Ambient) 

°JA 

0.375 

°C/mW 

Thermal Resistance 
(Junction to Case) 

°JC 

0.250 

°C/mW 



CASE 31(1) 

(TO-5) 

All leads 

isolated from case 

MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS <T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector -Base Cutoff Current 


r CBO 



jxAdc 

< V C B = 105 V ’ *E = °> 


- 

25 


(V CB -2.5V,l E = 0) 



- 

10 


(V CB = 105 V, I E = 0, T a = + 71°C) 



- 

500 


Emitter -Base Cutoff Current 


^BO 



#xAdc 

( V EB = 75 V > 'C " °> 


- 

50 


( V EB = 2 -5V, I c = 0) 



- 

10 


Collector -Emitter Cutoff Current 


J CER 



pAdc 

(V CE - 55 V, R be = 10 K) 


- 

600 


Collector -Emitter Cutoff Current 


X CES 



mAdc 

< V CE = 105 V - V BE = « 


- 

1.0 


DC Collector -Emitter Punch -Through Voltage 


V pt 



Vdc 

(V fl = 1. 0 V, VTVM R 10-12 megohm) 


105 

- 


DC Current Gain 


h FE 

mm 


- 

(I c = 5 mA, V CE = 0.35 V) 

2N2042 

■ 

50 


2N2043 


Bfl 

100 


Common Base, Small-Signal Input Impedance 


h., 

lb 



Ohms 

(V CB = 6 V, I E = 1 mA, £ = 1 kHz) 


30 

50 
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2N2042 , 2N20 4 3 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 






































2n2060,A (SILICON) 


2N2060 JAN, JTX AVAILABLE 


2n2223,A 

2n2480,A 


NPN silicon annular Star dual transistors for differ- 
ential amplifiers and other applications requiring a 
matched pair with a high degree of parameter uniform- 
ity. 


MAXIMUM RATINGS (each side) 


Case 654-04 
TO-78 



PINS 4 AND 8 OMITTED 
Pin Connections Bottom View 
All Leads Electrically Isolated 
from Case 


Rating 

Symbol 

2N2060 

2N2060A 

2N2223 

2N2223A 

2N2480 

2N2480A 

Unit 

Collector-Emitter Voltage 

v 

v CEO 

60 

40 

40 

Vdc 

Collector -Emitter Voltage 

V CER 

80 

- 

- 

Vdc 

Collector-Base Voltage 

V CB 

100 

75 

80 

Vdc 

Emitter-Base Voltage 

V EB 

7.0 

5 

0 

5.0 

Vdc 

Collector Current 

J c 

500 ► 

mAdc 

Operating Junction Temperature 

T J 

•m 200 ► 

°C 

Storage Temperature Range 

T * 
stg 

65 to +200 

°C 



One Side 

Both Sides 


Total Device Dissipation @ T A = 25° C 

P D 

0. 5 



0.6 

Watt 

Derate above 25° C 


2.86 



3.43 

mW/°C 

Total Device Dissipation @T^ = 25° C 

P D 

1. 6 



3.0 

Watts 

Derate above 25° C 


9. 1 



17. 2 

mW/°C 


ELECTRICAL CHARACTERISTICS (each side) (T A — 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage* 


bv ceo* 



Vdc 

(I c = 20 mAdc, I = 0) 

2N2480, 2N2480A 

40 

- 


(L, = 30 mAdc, T = 0) 
l a 

2N2060, 2N2060A, 2N2223, 2N2223A 


60 

- 


Collector-Emitter Breakdown Voltage* 


bv cer* 



Vdc 

(I = 100 mAdc, < 10 ohms) 

M tit i 

2N2060, 2N2060A, 2N2223, 2N2223A 

80 

- 


Collector-Base Breakdown Voltage 


bv cbo 



Vdc 

(I = 100 M Adc, I = 0) 

2N2060, 2N2060A, 2N2223, 2N2223A 

100 

- 



2N2480 


75 

- 



2N2480A 


80 

- 


Emitter-Base Breakdown Voltage 


bv ebo 



Vdc 

(I E = 100 MAdc, I_ = 0) 

2N2060, 2N2060A, 2N2223, 2N2223A 

7.0 

- 



2N2480, 2N2480A 


5. 0 

- 


Collector Cutoff Current 


r CBO 



MAdc. 

(V CB = 30 Vdc, I E = 0, T a = 150° C) 

2N2480, 2N2480A 

- 

15 


(V CB = 60 Vdc, I E = 0) 

2N2480 


_ 

0.050 


2N2480A 


- 

0. 020 


(V CB = 80 Vdc, I £ = 0) 

2N2060, 2N2060A 


- 

0. 002 


2N2223, 2N2223A 


- 

0.010 


(V CB = 80 Vdc, I E = 0, T a = 150° C) 

2N2060, 2N2060A 


- 

10 


2N2223, 2N2223A 


- 

15 


Emitter Cutoff Current 


J EBO 



nAdc 

(V BE = 5. 0 Vdc, I c = 0) 

2N2060, 2N2060A 

- 

2.0 


2N2223, 2N2223A 


- 

10 



2N2480 


- 

50 



2N2480A 


- 

^0, 



♦Pulse Test: Pulse Width % 300 /is, Duty Cycle _< 2. 0%. 
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2N2060, A, 2N2223, A, 2N2480, A (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

Min 

Max 

Unit 


ON CHARACTERISTICS 


DC Current Gain 


h—^ 


— 

_ 

(I c = 10 (xAdc, V CE = 5. 0 Vdc) 

2N2060, 2N2060A 

FE 

25 

75 


2N2223, 2N2223A 


15 

- 


(I_ = 100 pAdc, V_„ =5.0 Vdc) 

L- LUi 

2N2060, 2N2060A 


30 

90 


2N2223, 2N2223A 


25 

150 



2N2480 


20 

_ 



2N2480A 


35 

_ 


(I 0 = 1. 0 mAdc, V„„ = 5. 0 Vdc) 

2N2060, 2N2060A 


40 

120 


2N2480 


30 

350 



2N2480A 


50 

200 


(I„ = 10 mAdc, V„_, = 5. 0 Vdc)* 

2N2060, 2N2060A 


50 

150 


2N2223, 2N2223A 


50 

200 


Collector-Emitter Saturation Voltage 


v 



Vdc 

(1 = 50 mAdc, I =? 5. 0 mAdc) 

c a 

2N2060A 

CE(sat) 

- 

0. 6 


2N2060, 2N2223, 2N2223A, 2N2480A 


- 

1.2 



2N2480 


- 

1. 3 


Base-Emitter Saturation Voltage 


V BE(sat) 



Vdc 

(1^ = 50 mAdc, 1^ = 5. 0 mAdc) 

2N2060, 2N2060A, 2N2223, 2N2223A, 




2N2480A 


- 

0.9 



2N2480 


- 

1.0 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain-Bandwidth Product 


f rp 



MHz 

(I_ = 50 mAdc, V_ = 10 Vdc, f = 20 MHz) 

2N2223, 2N2223A, 2N2480, 





2N2480A 


50 

- 



2N206Q, 2N2060A 


60 , 

- 


Output Capacitance 


C ob 



pF 

( V CB = 10 VdC ’ *E = °» f = !• 0 MHz) 

2N2060, 2N2060A, 2N2223, 




2N2223A 


- 

15 



2N2480A 


- 

18 



2N2480 


- 

20 


Input Capacitance 


c ib 



pF 

( V __ = 0. 5 Vdc, 1=0, f = 1. 0 MHz) 

DCj C 

2N2060, 2N2060A, 2N2223, 




2N2223A, 2N2480A 


- 

85 


Input Impedance 


h. 



ohms 

(I c = 1.0 mAdc, V CE = 5. 0 Vdc, f = 1. 0 kHz) 

2N2060, 2N2060A 

le 

1000 

4000 


2N2480A 


1000 

5000 


Input Impedance 


h 

lb 



ohms 

(I c = 1.0 mAdc, V CB = 5.0 Vdc, f = 1. 0 kHz) 

2N2060, 2N2060A, 2N2223, 




2N2223A 


20 

30 



2N2480A 


20 

35 


Voltage Feedback Ratio 


h rb 



T 

1 

O 

X 

(I„ =1.0 mAdc, V^ D =5.0 Vdc, f = 1. 0 kHz) 

2N2223, 2N2223A 

- 

3.0 


Small -Signal Current Gain 


h fe 



_ 

(I„ = 1. 0 mAdc, V-„ =5.0 Vdc, f = 1. 0 kHz) 

L Lis 

2N2060, 2N2060A 

50 

150 


2N2223, 2N2223A 


40 

120 



2N2480A 


50 

300 


Output Admittance 


h 

oe 



/Ltmhos 

(I c = 1. 0 mAdc, V QE = 5. 0 Vdc, f = 1. 0 kHz) 

2N2060, 2N2060A, 2N2480A 

4.0 

16 


Output Admittance 


h K 

ob 



p.mhos 

(I c = 1. 0 mAdc, V CB = 5. 0 Vdc, f = 1. 0 kHz) 

2N2223, 2N2223A 

“ 

0.5 


Noise Figure 


NF 



dB 

(I c =0.3 mAdc, V = 10 Vdc, R = 510 ohms, 





f = 1.0 kHz, BW = 1.0 Hz) 

2N2480, 2N2480A 


- 

8.0 


(I c =0.3 mAdc, V = 10 Vdc, R g = 510 ohms, 





f = 1.0 kHz, BW = 200 Hz) 

2N2060, 2N2060A 


_ 

8.0 


(I c = 0. 3 mAdc, V = 10 Vdc, R = 1. 0 k ohm, j 





f = 1.0 kHz, BW = 15.7 kHzt) 



- 

8.0 



fAmplifier: 3. 0 dB points at 25 Hz and 10 kHz with a roll-off of 6. 0 dB per octave. 
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2N2060, A, 2N2223, A, 2N2480, A (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

Min 

Max 

Unit 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio** 


h FEl //h FE2** 



_ 

(I c = 100 /xAdc, V CE = 5. 0 Vdc) 

2N2060, 2N2060A, 2N2223A 

0.9 

1.0 


2N2223, 2N2480, 2N2480A 


0.8 

1.0 


(T = 1. 0 mAdc, = 5. 0 Vdc) 

2N2060, 2N2060A 


0.9 

1.0 


2N2480, 2N2480A 


0. 8 

1. 0 


Base Voltage Differential 


| V BEl" V BE2| 



mVdc 

(I_ = 100 juAdc, V„„ = 5. 0 Vdc) 

2N2060A 

- 

3.0 


2N2060, 2N2223A, 2N2480A 


- 

5.0 



2N2480 



10 



2N2223 



15 


(I„ = 1. 0 mAdc, V„„ = 5. 0 Vdc) 

2N2060, 2N2060A, 2N2480A 


- 

5.0 


2N2480 


- 

10 


Base Voltage Differential Change 


A(V t -V n __) 



mVdc 

(I c = 100 (jAdc, V CE = 5. 0 Vdc, T a 

= -55 to +25°C) 2N2060A 

BE 1 BE2 

- 

0.4 


2N2060 


- 

0.8 



2N2223, 2N2223A 


- 

2.0 



2N2480, 2N2480A 


- 

1.2 


(I c = 100 (iAdc, V CE = 5. 0 Vdc, T A 

= +25 to +125° C) 2N2060 

2N2060A 


- 

1.0 

0.5 



2N2223, 2N2223A 


- 

2.5 



2N2480, 2N2480A 


- 

1.5 



**The lowest reading is taken as h—.. for this ratio, 
rti r £j1 
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2n2075 thru 2N2082 (GERMANIUM) 

2N2075A thru 2N2082A 



PNP germanium power transistors for high-power 
CASE 5 applications in high-reliability equipment. 

(TO-36) 

MAXIMUM RATINGS 


Rating 

Symbol 

mnym.m 

2N2077 

2N2081 

B1H 

2N2075 

2N2079 

Unit 

Collector-Emitter Voltage 




IBB 


Vdc 

Collector-Emitter Voltage 






Vdc 

Collector-Base Voltage 


wm 


70 

KB 

Vdc 

Emitter-Base Voltage 





40 

Vdc 

Collector Current 


15 

Adc 

Total Device Dissipation @ = 25° C 

P D 

170 

Watts 

Operating Junction Temperature Range 

T J 

-65 to +110 

o 

o 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

9 JC 

0.5 

°c/w 



POWER-TEMPERATURE DERATING CURVE 


The maximum average power is related to maxi- 
mum junction temperature by the thermal resistance 
factor. 

This curve has a value of 170 Watts at case tem- 
peratures of 25 °C and is 0 Watts at 110°C with a 
linear relation between the two temperatures such 
that : 


allowable P D 


110° - T c 
0.5 


0 10 20 30 40 50 60 70 80 90 100 110 

T c , CASE TEMPERATURE (°C) 
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2N2075 thru 2N2082 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


bv ceo 



Vdc 

(I c = 1. 0 Adc, I B = 0) 

2N2078, 2N2082 

25 

- 


2N2077, 2N2081 


45 

- 



2N2076, 2N2080 


55 

- 



2N2075, 2N2079 


65 

- 


Collector-Emitter Breakdown Voltage* 


bv ces 



Vdc 

(I c = 300 mAdc, V BE = 0) 

2N2078, 2N2082 

40 

- 


2N2077, 2N2081 


50 

- 



2N2076, 2N2080 


70 

- 



2N2075, 2N2079 


80 

- 


Floating Potential 


V EBF 



Vdc 

(V CB = 40 Vdc > *E = 0) 

2N2078, 2N2082 

- 

1.0 


(V CB = 50 Vdc, I E = 0) 

2N2077, 2N2081 


- 

1.0 


(V CB = 70 Vdc, I £ = 0) 

2N2076, 2N2080 


- 

1.0 


(V CB = 80 Vdc, I E =0) 

2N2075, 2N2079 


- 

1.0 


Collector Cutoff Current 


X CBO 



mAdc 

(V CB = 2. 0 Vdc, I E = 0) 


- 

0.2 


< V CB= V CB(max)’ V EB = >• 5 V dO 



- 

4.0 


< V CB = V CB(max)' *£ = °> T C = +71 ° C > 



- 

15. 


Emitter Cutoff Current 
(V BE = V BE(max) > X C = 0) 


X EBO 

- 

4.0 

mAdc 

^ V BE = V BE(max) > X C =0, T c = +71° C) 



- 

15 



ON CHARACTERISTICS 


DC Current Gain 


h FE 



_ 

(I c = 1.2 Adc, V CE = 2. 0 Vdc) 

2N2075 thru 2N2078 

25 

100 


2N2079 thru 2N2082 


40 

160 


(I c = 5.0 Adc, V CE = 2.0 Vdc) 

2N2075 thru 2N2078 


20 

40 


2N2079 thru 2N2082 


35 

70 


(I c = 5.0 Adc, V CE =2.0 Vdc, T c = -55° C) 

2N2075 thru 2N2078 


15 

- 


2N2079 thru 2N2082 


25 

- 


(I c = 12 Adc, V CE = 2.0 Vdc) 

2N2075 thru 2N2078 


8 



2N2079 thru 2N2082 


12 

- 


Collector-Emitter Saturation Voltage 


V CE(sat) 



Vdc 

CL = 13 Adc, T = 2. 0 Adc) 

L. D 

2N2075 & 76, 2N2079 & 80 

- 

0. 7 


2N2077 & 78, 2N2081 & 82 


- 

0.9 


Base-Emitter On Voltage 


V BE(on) 



Vdc 

(I„ = 5.0 Adc, V or , = 12 Vdc) 


- 

0.9 



DYNAMIC CHARACTERISTICS 


Common-Emitter Cutoff Frequency 

OU = 5. 0 Adc, V 0 = 6.0 Vdc) 

CJfcj 

f 

ate 

5.0 


kHz 

Rise Time 

(V = 12 Vdc, I , . = 12 Adc, I = 2. 0 Adc) 2N2075 thru 2N2078 

2N2079 thru 2N2082 

t 

r 

Typ 

M s 

9.0 

6.0 

Fall Time 

(V Dr =6.0 Vdc, ... = 0, R = 10 ohms) 2N2075 thru 2N2078 

BE C(off) BE 2N2079 thru 2N2082 

k f 

12 

13 

MS 


*To avoid excessive heating of collector junction, perform this test with a sweep method. 
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2N2075 thru 2N2082 (continued) 

SAFE OPERATING AREAS 




COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 




COLLECTOR-EMITTER VOLTAGE (VOLTS) 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 


2N2075-2N2078 

CURRENT TRANSFER CHARACTERISTICS 


TRANSCONOUCTANCE CHARACTERISTICS 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

l 8 , BASE CURRENT (AMPERES) 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

V BE> BASE EMITTER VOLTAGE (VOLTS) 
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2N2075 thru 2N2082 (continued) 


2N2079-2N2082 

CURRENT TRANSFER CHARACTERISTICS TRANSCONDUCTANCE CHARACTERISTICS 



0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

l lf BASE CURRENT (AMPERES) V BE , BASE-EMITTER VOLTAGE (VOLTS) 


2N2096 (GERMANIUM) 


2N2097 

2n2099 


For Specifications, See 2N1204Data. 


2n2100 
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For units with solder lugs attached, specify 
devices MP2137,A etc. (TO-41 package) 


MAXIMUM RATINGS 

Apply also to standard, non-A series 


Rating 

Symbol 

2N2137A 

2N2142A 

2N2138A 

2N2143A 

2N2139A 

2N2144A 

2N2140A 

2N2145A 

2N2141A 

2N2146A 

Unit 

Collector- Base Voltage 

V CB 

30 

45 

60 

75 

90 

Vdc 

Collector- Emitter Voltage 

V CES 

30 

45 

60 

75 

90 

Vdc 

Collector- Emitter Voltage 

V 

CEO 

20 

30 

45 

60 

65 

Vdc 

Emitter -Base Voltage 

V EB 

15 

25 

30 

40 

45 

Vdc 

Total Device Dissipation 
@ T c = 25°C 

Derate above 25° C 

P D 

70 

0. 833 

Watts 

W/°C 

Operating and Storage Junc- 
tion Temperature Range 

T J’ T stg 

-65 to +110 

°c 
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2N2137 thru 2N2146 (continued) 


ELECTRICAL CHARACTERISTICS 

♦Characteristics apply also to corresponding, non-A type numbers. 


Characteristic 

Symbol 

Min 

Typ 

— 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage** 


BV ** 

aV CEO 




Vdc 

(I„ = 500 mAdc, I = 0) 

2N2137A, 2N2142A* 

20 

- 

- 



2N2138A, 2N2143A* 


30 

- 

- 



2N2139A, 2N2144A* 


45 

- 

- 



2N2140A, 2N2145A* 


60 

- 

- 



2N2141A, 2N2146A* 


65 




Collector-Emitter Breakdown Voltage** 


BV ** 

V CES 




Vdc 

(I c = 300 mAdc, V 0E = 0) 

2N2137A, 2N2142A* 

30 

- 

- 


2N2138A, 2N2143A* 


45 

- 

- 



2N2139A, 2N2144A* 


60 

- 

- 



2N2140A, 2N2145A* 


75 

- 

- 



2N2141A, 2N2146A* 


90 

- 

- 


Floating Potential 


v 

V EBF 

■1 

|| 



(V CB = 30 Vdc, I E = 0) 

2N2137A, 2N2142A* 





(V CB = 45 Vdc, I £ = 0) 

2N2138A, 2N2143A* 



1 



(V CB = 60 Vdc, I E = 0) 

2N2139A, 2N2144A* 


I 

I 



(V CB = 75 Vdc, Ig = 0) 

2N2140A, 2N2145A* 






(V CB = 90 Vdc, I E = 0) 

2N2141A, 2N2146A* 



■ 



Collector-Base Cutoff Current 


7 cbo 




mAdc 

(V CB = 2.0Vdc, I E =0) 


- 

0.018 

0.05 


< V CB= V CB(max)’ I C=°> T C = +71 ° C > 



- 

0.75 

5.0 


Collector-Base Cutoff Currentf 
^ V CB = V CB(max)’ *E = 0) 

r CB01 

- 

0. 1 

2.0 

mAdc 

Emitter-Base Cutoff Current 


^BO 




mAdc 

^ V BE = V BE(max) > *C = 


- 

0.08 

2.0 


< V BE= V BEW' I C = 0 ' T C = t,1 ” C > 




0.5 

5.0 



ON CHARACTERISTICS 


DC Current Gain 

(I = 0. 5 Adc, V = 2. 0 Vdc)t 2N2137A-2N2141A* 

2N2 142A -2N2146A* 

(I = 2. 0 Adc, V = 2. 0 Vdc) 2N2137A-2N2141A* 

2N2142A-2N2146A* 

h FEl 

h FE 

30 

50 

15 

25 

45 

70 

22 

33 

60 

100 


Collector -Emitter Saturation Voltage 
(I c = 2. 0 Adc, I R = 200 mAdc) 

V CE(sat) 

- 

0. 12 

0. 5 

Vdc 

Base-Emitter Saturation Voltage 

OU = 2. 0 Adc, I = 200 mAdc) 

D 

V BE(sat) 

- 

0.75 

1. 2 

Vdc 


DYNAMIC CHARACTERISTICS 


Common Emitter Cutoff Frequency 

f 




kHz 

(I c = 2. 0 Adc, V CE = 6. 0 Vdc) 


12 

20 

- 



♦♦Sweep method: 1/2 cycle sine wave, 60 Hz . 
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2N2137 thru 2N2146 (continued) 



25 50 75 100 125 


To CASE TEMPERATURE (°C) 


FIGURE 2 -ACTIVE REGION 
SAFE OPERATING AREAS 


The active region safe operating 
area curves indicate I c -V C e limits 
to be observed in order to avoid 
secondary breakdown. (Secondary 
breakdown is independent of tem- 
perature and duty cycle.) These 
curves do not define operation in 
the avalanche region. To insure 
operation below the maximum 
junction temperature, power de- 
rating must be observed for both 
steady state and pulse conditions. 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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I c , COLLECTOR CURRENT (AMP) 










2N2137 thru 2N2146 (continued) 


INPUT A TRANSFER CHARACTERISTICS 

BASE-EMITTER VOLTAGE versus COLLECTOR CURRENT DC CURRENT TRANSFER RATIO versus COLLECTOR CURRENT 

All Types 




0 12 3 

l C( COLLECTOR CURRENT (AMP) 


2n 2152 thru 2 n2 154 (GERMANIUM) 
2n 2156 thru 2 n2158 


CASE 5 

(TO-36) 



PNP germanium power transistors for high-power, 
high-gain applications in high- reliability industrial 
equipment. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N2152 

2N2156 

2N2153 

2N2157 

2N2154 

2N2158 

Unit 

Collector -Emitter Voltage 

V 

v CEO 

30 

45 

60 

Vdc 

Collector -Emitter Voltage 

V 

V CES 

45 


75 


Collector -Base Voltage 



60 


Vdc 

Emitter-Base Voltage 


25 

30 

40 


Collector Current 


30 


Total Device Dissipation @ T c = 25°C 

P D 


170 


Watts 

Derate above 25°C 



0.5 


w/°c 

Operating Junction Temperature Range 

mm 


-65 to +110 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance , Junction to Case 

^JC 
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2N2152 thru 2N2154 2N2156 thru 2N2158 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 



Unit 

OFF CHARACTERISTICS 

i 1 

Collector -Emitter Breakdown Voltage 

bv ceo* 




Vdc 

(I = 1.0 Adc, I R = 0) 2N2152, 2N2156 

^ a 2N2153, 2N2157 

2N2154, 2N2158 

30 

- 

_ 



45 

_ 

_ 



60 

- 

- 


Collector -Emitter Breakdown Voltage* 

bv ces* 




Vdc 

(I„ = 300 mAdc, V = 0) 2N2152, 2N2156 

2N2153, 2N2157 

45 

- 

_ 



60 

- 



2N2154, 2N2158 


75 

- 

- 


Floating Potential 

v 

EBF 




Vdc 

(V CB = 45 Vdc, I E = 0) 2N2152, 2N2156 

- 

- 

1.0 


(V CB = 60 Vdc, r E = °) 2N2153, 2N2157 


* 

- 

1.0 


( V CB = 75 Vdc, I £ = 0) 2N2154, 2N2158 


- 

- 

1.0 


Collector Cutoff Current 

' 

X CBO 




mAdc 

( V CB = 2V - 1 E = °> 

- 

0. 08 

0.2 


( V CB = 45 Vdc, I E = 0) 2N2152, 2N2156 


- 

0.9 

4.0 


(V CB = 60 Vdc, I E = 0) 2N2153, 2N2157 


- 

0.9 

4.0 


(V CB = 75 Vdc, Ig = 0) 2N2154, 2N2158 


- 

0.9 

4.0 


< v cb=We = 0 - t c = 71 ° c) 


- 

4.0 

15 


Emitter Cutoff Current 

j 




mAdc 

(V BE = 25 Vdc, I c = 0) 

EBO 

- 

0.2 

4.0 


(V BE = 30 Vdc ’ X C = 0) 


- 

0.2 

4.0 


(V BE = 40 Vdc, I c = 0) 


- 

0.2 

4. 0 


^ V BE = V EB(max)’ J C = °> T C = 71 


- 

2.7 

15 



ON CHARACTERISTICS 


DC Current Gain 

(I r = 5. 0 Adc, V r = 2 Vdc) 2N2152, 2N2153, 2N2154 

U 2N2156, 2N2157, 2N2158 

(I r = 15 Adc, V = 2 Vdc) 2N2152, 2N2153, 2N2154 

2N2156, 2N2157, 2N2158 

(I c = 25 Adc, V CB = 2 Vdc) 

h FE 

50 

80 

25 

40 

15 

75 

105 

47 

63 

38 

100 

160 

_ 

Collector -Emitter Saturation Voltage 
(I c =5.0 Adc, I B = 500 mAdc) 

(I c = 25 Adc, I B = 2 Adc) 

V CE(sat) 

- 

0. 06 

0.2 

0 . 1 

0.3 

Vdc 

Base -Emitter On Voltage 

(I c = 5. 0 Adc, I B = 500 mAdc) 

(I c = 25 Adc, I B = 2 Adc) 

V BE(on) 

- ■ 

0.65 

1.0 

1.0 

2.0 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Common-Emitter Cutoff Frequency 

f 

oee 




kHz 

(I c = 5.0 Adc, V CE = 6.0 Vdc) 

2.0 

2.7 

- 



*To avoid excessive heating of the collector junction, perform these tests with an oscilloscope. 
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2N2152 thru 2N2154 , 2N2156 thru 2N2158 (continued) 

SAFE OPERATING AREAS 

The Safe Operating Area Curves indicate Ic — (Duty cycle of the excursions make no significant 

Vce limits below which the device will not go into change in these safe areas.) To insure operation 

secondary breakdown. Collector load lines for spe- below the maximum Tj, the power-temperature 

cific circuits must fall within the applicable Safe derating curve must be observed for both steady 

Area to avoid causing a collector-emitter short. state and pulse power conditions. 


2N2152, 2N2156 




0 10 20 30 40 50 60 70 80 90 


COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0 10 20 30 40 50 60 70 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 


POWER-TEMPERATURE DERATING CURVE 



0 10 20 30 40 50 60 70 80 90 100 110 


T 0 CASE TEMPERATURE (°C) 

The maximum continuous power is 
related to maximum junction tempera- 
ture by the thermal resistance factor. 
This curve has a value of 170 Watts at 
case tgmperatures of 25°C and is 0 Watts 
at 110 C with a linear relation between 
the two temperatures such that: 

allowable = 110° - Tc 

075 
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h FE , DC FORWARD CURRENT GAIN | Ci COLLECTOR CURRENT (AMP) 


2N2152 thru 2N2154 , 2N2156 thru 2N2158 (continued) 


TYPICAL INPUT AND TRANSFER CHARACTERISTICS 


COLLECTOR CURRENT 
versus BASE CURRENT 


COLLECTOR CURRENT 
versus BASE-EMITTER VOLTAGE 




V BE , BASE-EMITTER VOLTAGE (VOLTS) 


DC CURRENT GAIN 
versus COLLECTOR CURRENT 


BASE CURRENT versus 
BASE-EMITTER VOLTAGE 




2n2171 FOR SPECIFICATIONS, SEE 2N381 DATA. 
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2n2192,A,B thru 2 n2195, A/B 

(SILICON) 



MAXIMUM RATINGS 


NPN silicon annular transistors for high- current 
switching and amplifier applications. 


Rating 

Collector -Base Voltage 
Collector -Emitter Voltage 
Emitter- Base Voltage 
Collector Current 



Total Device Dissipation 

@ 25°C Ambient Temperature 
Derating Factor Above 25° C 


Total Device Dissipation 
@ 25° C Case Temperature 
Derating Factor Above 25° C 


Junction Temperature, Operating 


Storage Temperature Range 



Watt 

mW/°C 


Watts 

mW/°C 


65 to 4 200 


2N2193, A, B 
2N2194, A, B 


FIGURE 1 


v in = 15 v, v b = 15 v 


2N2192, A, B - V,„ = 7.5 V, V b = 7.5 V 
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2N2192,A,B thru 2N2195,A,B (continued) 


ELECTRICAL CHARACTERISTICS = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Collector- Base Breakdown Voltage 
(I c . 100 Mdc, I E =0) 

2N2192, A. B, 
2N2193, A, B 
2N2195, A, B 

2N2194, A, B 

bv cbo 

Collector Emitter-Open Base Sustain Voltage 
(1^, = 25 mA pulsed, 1^ = 0) 

2N2192, A, B, 
2N2193, A, B 
2N2195, A, B 

2N2194, A, B 

V CEO(sus) 

Emitter- Base Breakdown Voltage 
(I £ = 100 juAdc, I c = 0) 

2N2192, A, B, 
2N2195, A, B 
2N2193, A, B 

2N2194, A, B, 

bv ebo 

Collector Cutoff Current 
(V C B-3°Vdc, I E .0) 

2N2192, A, B, 
2N2195, A, B 

2N2194, A, B 

X CBO 

(V CB - 30 Vdc, I E = 0, T a = 150°C) 

2N2192, A, B 
2N2194, A, B 
2N2195, A, B 



(V CB = 60 Vdc, I E = 0) 

2N2193, A, B 



(V CB * 60 Vdc, I E = 0, T a - 150°C) 

2N2193, A, B 



Emitter Cutoff Current 
(V EB = 3 Vdc, I c = 0) 

2N2192, A, B, 
2N2195, A, B 

2N2194, A, B 

X EBO 

(v eb = 5 Vdc > ‘c" 0 ' 

2N2193, A, B 



Collector-Emitter Saturation Voltage 
(1^ = 150 mAdc, Ig = 15 mAdc) 

2N2192 thru 2N2195 

2N2192A thru 2N2195A 

2N2192B thru 2N2195B 

V CE(sat) 

Base-Emitter Saturation Voltage 
(I c = 150 mAdc, I B = 15 mAdc) 

V BE(sat) 

DC Current Gain 

(I c = 0.1 mAdc, V CE = 10 Vdc) 

2N2192, A, B, 

2N2193, A, B 

h FE 

(I c = 10 mAdc, V C£ = 10 Vdc) 

2N2192, A, B 
2N2193, A, B 
2N2194, A, B 



(I c = 10 mAdc, V CE = 10 Vdc, T A = -55°C) 

2N2192, A, B 
2N2193, A, B 



(I c = 150 mAdc, V CE = 10 Vdc) 

2N2192, A, B 
2N2193, A, B 
2N2194, A, B 
2N2195, A, B 



(I c = 150 mAdc, V C£ = 1.0 Vdc) 

2N2192, A, B 
2N2193, A, B 
2N2194, A, B 
2N2195, A, B 



(I c = 500 mAdc, V CE = 10 Vdc) 

(r c = 1.0 Adc, V CE = 10 Vdc) 

2N2192, A, B 
2N2193, A, B 
2N2194, A, B 
2N2192, A, B, 

2N2193. A, B 


Output Capacitance 

(V CB = 10 Vdc, I E = 0, f = 1.0 MHz) 

C ob 

Small Signal Current Gain 

<! c - 50 mA, V CE = 10 V, f = 20 MHz) 

h fe 


Rise Time 


Storage Time 


Fall Time 


2N2192-94, 2N2192A-94A, 2N2192B-94B 


Max Unit 


Vdc 
















(1> Pulse Test: PW < 300 tts Duty Cycle < 2 % 
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2n 2212 (GERMANIUM) 


PNP GERMANIUM POWER TRANSISTORS 


. . . designed for high-current switching applications requiring low 
saturation voltages, short switching times and good collector-emitter 
sustaining capability. 

• Alloy-Diffused Epitaxial Construction 

• Low Saturation Voltage — 

VcE(SAT) = 0*5 Vdc (Max) @lc = 5.0 Adc 


10 AMPERE 

PNP ADE GERMANIUM 
POWER TRANSISTORS 


120 VOLTS 
102 WATTS 


MAXIMUM RATINGS 



♦Collector-Emitter Voltage 


♦Collector- Base Voltage 

♦Emitter-Base Voltage 

♦Collector Current - Continuous 

♦Base Current - Continuous 

Total Device Dissipation @ T c = 25 °C 
Derate above 25°C 

♦Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 













2N2212 (continued) 


ELECTRICAL CHARACTERISTICS (Tc= 25°c unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I c = 100 mAdc, = 0) 

bv ceo 

60 


Vdc 

Collector-Emitter Sustaining Voltage (See Figure 1) 

(I c = 5. 0 Adc, I B = 0) 

V CE(sus) 

60 

- 

Vdc 

Collector-Emitter Cutoff Current 
(V CE = 120 Vdc, R be = 100 Ohms) 

X CER 

- 

50 

mAdc 

♦Collector Cutoff Current 

(V CE - 100 Vdc, V BE(o£f) = 0.2 Vdc, T c = 85-C) 

*CEX 

- 

20 

mAdc 

Collector Cutoff Current 
<V CB = 2.0 Vdc, I E = 0) 

^BO 

_ 

200 

/xAdc 

*(V CB = 100 Vdc, I E = 0) 


- 

2.0 

mAdc 

Emitter Cutoff Current 
(V EB = 0.75 Vdc, I c = 0) 

^BO 

- 

25 

mAdc 


ON CHARACTERISTICS 


♦DC Current Gain 

(I c = 0. 6 Adc, V CE = 1.0 Vdc) 

(I c = 1.2 Adc, V CE = 1.0 Vdc) 

(I c = 5. 0 Adc, V CE = 2.0 Vdc) 

h FE 

50 

60 

50 

200 

200 

120 


Collector-Emitter Saturation Voltage 
(I c = 5.0 Adc, I fi = 0. 5 Adc) 

V CE(sat) 

- 

0.5 

Vdc 

♦Base-Emitter On Voltage 

(I c = 5. 0 Adc, V CE = 2.0 Vdc) 

V BE(on) 

- 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


♦Small-Signal Current Gain 

h £e 



_ 

(I c = 0. 5 Adc, V CE = 6. 0 Vdc, f = 30 kHz) 

15 




SWITCHING CHARACTERISTICS 


Rise Time 

(I c = 5. 0 Adc, I B1 = 0. 5 Adc, I fi2 = 0. 5 Adc) 

(See Figure 2) 

‘r 

- 

7.0 

/is 

Storage Time 

‘s 

- 

10 

[IS 

Fall Time 

‘f 

- 

8.0 

US 


♦Indicates JEDEC Registered Data. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


Adjust for 
l c = 5.0 A 



+ 13.5 V 
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2n2218,A, 2n2219,A 2n2221, A(SIUCON) 
2n 222, A, 2n5581, 2n5582 


NPN SILICON ANNULAR HERMETIC TRANSISTORS 

. . . widely used "Industry Standard" transistors for applications 
as medium-speed switches and as amplifiers from audio to VHF 
frequencies. 

# DC Current Gain Specified — 1.0 to 500 mAdc 

# Low Collector-Emitter Saturation Voltage — 

v CE(sat) @ lc = 500 mAdc 

= 1.6 Vdc (Max) — Non-A Suffix 
= 1.0 Vdc (Max) — A-Suffix 

# High Current-Gain— Bandwidth Product — 

fy = 250 MHz (Min) @ Iq = 20 mAdc — All Types Except 
= 300 MHz (Min) @ l C = 20 mAdc - 2N2219A, 2N2222A, 

2N5582 

# Complements to PNP 2N2904,A thru 2N2907,A 

# JAN/JANTX Available for all devices 


SELECTION GUIDE 



Characteristic j 


Device 

Type 

bv C eo 

lc = 10 mAdc 
Volts 

hf 

l c = 150 mAdc 
Min/Max 

: E 

1C = 500 mAdc 
Min 

Package 

2N2218 

2N2219 

30 

40/120 

100/300 

20 

30 

TO-5 

2N2221 

2N2222 

30 

40/120 

100/300 

20 

30 

TO- 18 

2N5581 

2N5582 

40 

40/120 

100/300 

25 

40 

TO-46 

2N2218A 

2N2219A 

40 

40/120 

100/300 

25 

40 

TO-5 

2N2221A 

2N2222A 

40 

40/120 

100/300 

25 

40 

TO-18 

•MAXIMUM RATINGS 


Rating 

Symbol 

2N2218 

2N2219 

2N2221 

2N2222 

2N2218A 

2N2219A 

2N2221A 

2N2222A 

2N5581 

2N5582 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

40 

40 

Vdc 

Collector-Base Voltage 

V CB 

60 

75 

75 

Vdc 

Emitter-Base Voltage 

V E B 

5.0 

6.0 

6.0 

Vdc 

Collector Current - Continuous 

•c 

800 

800 

800** 

mAdc 


2N2218.A 

2N2219,A 

2N2221.A 

2N2222.A 

2N5581 

2N5582 


Total Device Dissipation @T/^ = 25°C 
Derate above 25°C 

PD 

0.8 

5.33 

0.5 

3.33 

0.5 

3.33 

Watt 

mW/°C 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

3.0 

20 

1.8 

12 

2.0 

11.43 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J»T s tg 


°C 


* Indicates JEDEC Registered Data. 

** Motorola Guarantees this Data in Addition to JEDEC Registered Data. 


NPN SILICON 

SWITCHING AND AMPLIFIER 
TRANSISTORS 
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2N2218,A, 2N2219A 2N2221 A 2N2222,A, 2N5581, 2N5582 (continued) 


"ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


BVCEO 



Vdc 

(l C = 10 mAdc, l B = 0) 

Non-A Suffix 


30 

- 



A-Suffix, 2N 558 1,2N 5582 


40 

- 


Collector-Base Breakdown Voltage 


BVcbO 


I 

Vdc 

(IC= 10 juAdc, l E = 0) 

Non-A Suffix 


60 




A-Suffix, 2N 558 1,2N 5582 


75 



Emitter-Base Breakdown Voltage 


BV E BO 


■ 

Vdc 

(l E = 10/uAdc, l C = 0) 

Non-A Suffix 


5.0 




A-Suffix, 2N5581.2N5582 


6.0 



Collector Cutoff Current 


•CEX 



nAdc 

(V C E =60 Vdc, V EB(off ) = 3.0 Vdc) 

A-Suffix, 2N5581.2N5582 


- 

10 


Collector Cutoff Current 


>CBO 



/nAdc 

(V C B =50 Vdc, l E =0) 

Non-A Suffix 


- 

0.01 


(V CB = 60 Vdc, l E = 0) 

A-Suffix, 2N5581.2N5582 


- 

0.01 


(V C B = 50 Vdc, l E = 0, T A = 150°C) 

Non-A Suffix 


- 

10 


(V CB = 60 Vdc, l E = 0. T A = 150°C) 

A-Suffix, 2N 558 1,2N 5582 


- 

10 


Emitter Cutoff Current 


'EBO 



nAdc 

(V EB = 3.0 Vdc, l C = 0) 

A-Suffix, 2N5581.2N5582 


- 

10 


Base Cutoff Current 


>bl 



nAdc 

(V C E = 60 Vdc. V EB(of f) = 3.0 Vdc) 

A-Suffix 


- 

20 



mC H ARAgTE R IST L CS 


DC Current Gain 


hFE 

— 


- 

(Iq = 0.1 mAdc, Vq E = 10 Vdc) 

2N 221 8, A,2N 2221 , A.2N5581 ( 1 > 


20 

- 



2N221 9,A,2N 2222, A.2N5582( 1 > 


35 

- 


( 1 C = 1-0 mAdc, Vqe = 10 Vdc) 

2N2218,A,2N 2221 ,A,2N5581 


25 

- 



2N 221 9, A.2N 2222, A.2N5582 


50 

- 


(l C = 10 mAdc, V C E = 10 Vdc) 

2N221 8,A,2N2221 ,A,2N5581 ( 1 ) 


35 

- 



2N 221 9, A,2N 2222, A.2N5582 ( 1 > 


75 

- 


(l C = 10 mAdc, V CE = 10 Vdc, T A = -55°C) 

2N2218A.2N2221 A.2N5581 


15 

- 



2N 221 9A.2N2222A.2N 5582 


35 

- 


(l C = 150 mAdc, V C E = 10 Vdc)<1) 

2N221 8.A.2N2221 ,A,2N5581 


40 

120 



2N2219,A,2N2222,A,2N5582 


100 

300 


(l C = 150 mAdc, V C E = 1.0 Vdc)(D 

2N221 8A,2N 2221 A,2N 5581 


20 

- 



2N 221 9A.2N2222A.2N 5582 


50 

- 


(l C = 500 mAdc, V C E = 10 VdcHD 

2N2218.2N2221 


20 

- 



2N2219.2N2222 


30 

- 



2N 22 1 8A.2N 222 1 A ,2N 558 1 


25 

- 



2N 22 1 9A.2N 2222A.2N 5582 


40 

- 


Collector-Emitter Saturation Voltage(l) 


VCE(sat) 


mm 

Vdc 

(l C = 150 mAdc, l B = 15 mAdc) 

Non-A Suffix 


■ 

■B 



A-Suffix, 2N5581.2N5582 



mm 


(l c = 500 mAdc, l B = 50 mAdc) 

Non-A Suffix 


■ 

■B 



A-Suffix, 2N5581.2N5582 


■H 

1.0 


Base-Emitter Saturation Voltage! 1) 


VBE(sat) 




(Iq= 150 mAdc, l B = 15 mAdc) 

Non-A Suffix 


0.6 

2.0 



A-Suffix, 2N5581.2N5582 


0.6 

1.2 


(1C = 500 mAdc, l B = 50 mAdc) 

Non-A Suffix 


- 

2.6 



A-Suffix. 2N5581.2N5582 


- 

2.0 
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2N2218A 2N2219 A 2N2221 A 2N2222A 2N5581, 2N5582 (continued) 


"ELECTRICAL CHARACTERISTICS (Continued) 


Characteristic 

Symbol 

Min 

Max 

Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain— Bandwidth Product(2) 


It 



MHz 

<I C = 20 mAdc, V C E = 20 Vdc, f = 100 MHz) 

All Types, Except 


250 

- 



2N2219A,2N2222A,2N5582 


300 

- 


Output Capacitance (3) 


Cob 

- 

8.0 

PF 

(V C b = 10 Vdc, l E = 0, f = 100 kHz) 






Input Capacitance(3) 


c ib 



pF 

(Veb = 0.5 Vdc, l c = 0, f = 100 kHz) 

Non-A Suffix 


- 

30 



A-Suffix, 2N5581,2N5582 


- 

25 


Input Impedance 


h ie 



k ohms 

(1C = 1.0 mAdc, Vce = 10 Vdc, f = 1 .0 kHz) 

2N 221 8A,2N 222 1A,2N 5581 


1.0 

3.5 



2N 221 9A,2N 2222A,2N 5582 


2.0 

8.0 


(l C =10mAdc, V CE = 10 Vdc.f = 1.0kHz) 

2N 22 1 8A,2N 222 1 A ,2N 558 1 


0.2 

1.0 



2N 22 1 9A,2N 2222A,2N 5582 


0.25 

1.25 


Voltage Feedback Ratio 


h re 




(IC= 1.0 mAdc, V C E = 10 Vdc.f = 1.0 kHz) 

2N 22 1 8A,2N 222 1 A ,2N 558 1 


- 

5.0 

Hi 


2N2219A,2N2222A,2N5582 


- 

8.0 

■ ■ 

(IC= 10 mAdc, Vq E = 10 Vdc, f =1.0 kHz) 

2N2218A,2N2221 A,2N5581 


- 

2.5 

HI 


2N 22 1 9A,2N 2222A,2N 5582 


- 

4.0 

HI 

Small-Signal Current Gain 


h fe 



SiB 

(l C = 1.0 mAdc, V CE = 10 Vdc.f = 1.0 kHz) 

2N 2218A,2N 2221 A, 2N 5581 


30 

150 

H HI 


2N2219A,2N2222A,2N5582 


50 

300 


(l C = 10 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

2N 221 8A,2N 2221 A,2N5581 


50 

300 



2N 22 1 9 A,2N 2222A.2N 5582 


75 

375 


Output Admittance 


h oe 



jumhos 

(l c = 1.0 mAdc, Vce = 10 Vdc.f = 1.0 kHz) 

2N2218A,2N2221 A,2N5581 


3.0 

15 



2N221 9A,2N 2222 A,2N 5582 


5.0 

35 


(l c = lOmAdc, V CE = 10 Vdc, f = 1.0 kHz) 

2N221 8A,2N2221 A,2N5581 


10 

100 



2N2219A,2N2222A,2N5582 


25 

200 


Col lector- Base Time Constant 





ps 

( 1 E = 20 mAdc, V CB = 20 Vdc, f = 31 .8 MHz) 

A-Suffix, 2N5581.2N5582 

■M 

- 



Noise Figure 





dB 

(l c = lOOpAdc, V C E = 10 Vdc, 






Rg = 1.0kohm,f = 1.0 kHz) 

2N2219A,2N2222A 


— 

4.0 



SWITCHING CHARACTERISTICS (A-Suffix, 2N5581 and 2N5582) 


Delay Time 

(V C C = 30 Vdc, V BE(of f) = 0.5 Vdc, 
lc= 150 mAdc, l B i =15 mAdc) 

(Figure 14) 

td 

— 

10 

ns 

Rise Time 

tr 

_ 

25 

ns 

Storage Time 

(V C C = 30 Vdc, l C = 150 mAdc, 

1 B 1 = * B2 = 15 mAdc) 

(Figure 15) 

H 

~~ 

225 

ns 

Fall Time 

H 

_ 

60 

ns 

Active Region Time Constant** 

(l C = 150 mAdc, V C E = 30 Vdc) 

t a 

— 

2.5 

ns 


* Indicates JE DEC Registered Data. 

** Motorola Guarantees this Data in Addition to JEDEC Registered Data. 

(1) Pulse Test: Pulse Width < 300 ns, Duty Cycle ^ 2.0%. 

(2) f y js defined as the frequency at which jhf e | extrapolates to unity. 

(3) 2N5581 and 2N5582 are Listed C c b and C eB for these conditions and values. 
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V, VOLTAGE (VOLTS) V C e, COLLECTOR-EMITTER VOLTAGE (VOLTS) hFE, NORMALIZED DC CURRENT GAIN 


2N2218A 2N2219,A, 2N2221 A2N2222A 2IM5581,2N5582 (continued) 



0.5 0.7 1.0 2.0 3.0 5.0 10 20 30 50 70 100 200 300 500 


1C, COLLECTOR CURRENT (mA) 


FIGURE 2 - COLLECTOR CHARACTERISTICS IN SATURATION REGION 



This graph shows the effect of base current on collector current. fi 0 
(current gain at the edge of saturation) is the current gain of the 
transistor at 1 volt, and /?, (forced gain) is the ratio of l c /l* in a circuit. 

EXAMPLE: For type 2N2219, estimate a base current (l„) to insure 
saturation at a temperature of 25°C and a collector current of 
150 mA. 

Observe that at l c = 150 mA an overdrive factor of at least 2.5 
is required to drive the transistor well into the saturation region. From 
Figure 1, it is seen that h FE @ 1 volt is approximately 0.62 of h FE @ 10 
volts. Using the guaranteed minimum gain of 100 @ 150 mA and 
10 V, p 0 = 62 and substituting values in the overdrive equation, 
we find: 


§o h FE @ 1 . 0 V 62 

ft Ic/L t.s — i50/| w 


l*~6.0 mA 



0.5 1.0 2.0 5.0 10 20 50 100 200 500 

1C, COLLECTOR CURRENT (mA) 



0.5 1.0 2.0 5.0 10 20 50 100 200 500 


1C. COLLECTOR CURRENT (mA) 
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2N22 18,A, 2N2219,A ( 2N2221 ,A, 2N2222 ,A, 2N5581 , 2N5582 (continued) 


SWITCHING TIME CHARACTERISTICS 


FIGURE 1 1 - TURN-ON TIME 


FIGURE 12 - CHARGE DATA 
















2N2218 ,A, 2N2219,A, 2N2221 ,A, 2N2222 ,A, 2N5581 , 2N5582 (continued) 


FIGURE 16 - CURRENT-GAIN-BANDWIDTH PRODUCT AND 
COLLECTOR-BASE TIME CONSTANT DATA 



0.1 0.2 0.5 1.0 2.0 3.0 5.0 10 20 30 


l c , COLLECTOR CURRENT (mAdc) 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 

REVERSE VOLTAGE (VOLTS) 


FIGURE 18 - ACTIVE-REGION SAFE OPERATING AREAS 



This graph shows the maximum Ic^CE I imits of the device 
both from the standpoint of thermal dissipation (at 25°C case 
temperature), and secondary breakdown. For case temperatures 
other than 25°C, the thermal dissipation curve must be modified 
in accordance with the derating factor in the Maximum Ratings 
table. 

To avoid possible device failure, the collector load line must 
fall below the limits indicated by the applicable curve. Thus, for 
certain operating conditions the device is thermally limited, and 
for others it is limited by secondary breakdown. 

For pulse applications, the maximum IqVcE product indicated 
by the dc thermal limits can be exceeded. Pulse thermal limits 
may be calculated by using the transient thermal resistance curve 
of Figure 19. 


FIGURE 19 - THERMAL RESPONSE 



2n2223,A 

For Specifications, See 2N2060 Data. 


2-261 









2n2224 (SILICON) 



NPN silicon annular transistor designed primarily 
for high speed switching applications. 


CASE 31 

(TO-5) 

Collector connected to case 

MAXIMUM RATINGS 


Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current-Continuous 

Total Device Dissipation @ = 

Derate above 25° C 
Total Device Dissipation @ T^ = 
Derate above 25°C 
Operating Junction Temperature 
Storage Temperature Range 


25° C 


25° C 


Symbol 


Value 




p 


D 



40 

65 

5.0 

0.5 

0.8 

5.33 

3.0 
20 

+175 

-65 to +200 


Unit 

Vdc 

Vdc 

Vdc 

Adc 

W 

mW/° C 
Watts 
mW/°C 
°C 

°c " 






























2N2224 (continued) 


ELECTRICAL CHARACTERISTICS ( T a = 25‘C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 

bv ceo 



Vdc 

(I c = 10 mAdc, I B = 0) 

40 

- 


Collector-Base Breakdown Voltage 

bv cbo 



Vdc 

(I c = 10 M Adc, I E = 0) 

65 

- 


Emitter-Base Breakdown Voltage 

bv ebo 



Vdc 

(I E = 10 MAdc, I c = 0) 

5.0 

- 


Collector -Cutoff Current 

X CBO 



MAdc 

(V CB = 50 Vdc, I E =0) 

- 

0.01 


(V CB = 50 Vdc, Ig = 0, T a = +150°C) 


- 

10 


Emitter Cutoff Current 

j ebo 



MAdc 

(v eb = 4 *° Vdc ’ I C = 0) 

_ 

1.0 



ON CHARACTERISTICS 


DC Current Gain 

(I c = 0. 1 mAdc, V CE = 10 Vdc) 

(I c =1.0 mAdc, V CE = 10 Vdc) 

(I c = 10 mAdc, V CE = 10 Vdc) 

(I c = 100 mAdc, V CE =1.0 Vdc) 

h FE 

20 

25 

35 

40 

115 

120 


Collector-Emitter Saturation Voltage d) 

(I„ = 150 mAdc, 1^ = 15 mAdc) 

V CE(sat) 

- 

0.4 

Vdc 

Base-Emitter Saturation Voltage d) 

(I_ = 150 mAdc, = 15 mAdc) 

C 13 

V BE (sat) 

- 

1.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

OU = 20 mAdc, V __ = 20 Vdc, f = 100 MHz) 

(I_ = 80 mAdc, =10 Vdc, f = 100 MHz) 

f T 

250 

160 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, I E = 0) 

C ob 

- 

8.0 

pF 

Circuit Delay (Figure 1) 

(T a = 25°C) 

l dc 

- 

15 

ns 

Circuit Delay - Total Change (Figure 1) 

(T a = +10° C to T a = +25° C) 

at dc 

- 

15 

ns 


Pulse Test: PW ^ 300 ms, Duty Cycle S 2. 0% 
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2n2242 (SILICON) 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

CEO 

15 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

*c 

225 

mAdc 

Total Device Dissipation @T^ - 25° C 

P D 

360 

mWatts 

Derate above 25° C 


2.0 

mW/°C 

Junction Temperature — Operating 

T J 

-65 to +200 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 


FIGURE 1 - SWITCHING TIME 
TEST CIRCUIT 


+ 3 - ov < v cc ) 


0. 1 I±F 


PULSE WIDTH 96 ns <51 

PRR 120 Hz | 

t 



SCOPE 
^ 100 k 


v bb = - 4 0V v b 

V. = +21 V V. 
in in 


FIGURE 2 - STORAGE TIME 
TEST CIRCUIT 


PULSE WIDTH 96 ns 
PRR 120 Hz 


890 0. 1 mF 

wv • 1 ( • — O SCOPE 

Z S 100 k 

































2N2242 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25 *C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage ^ 

bv ceo 



Vdc 

(I c = 30 mAdc, I E = 0) 

15 

- 


Collector-Emitter Breakdown Voltage W 

bv cer 



Vdc 

(1^, = 30 mAdc, Rg E = 1 10 ohm£) 

20 

- 


Collector -Base Breakdown Voltage 

bv cbo 



Vdc 

(I c = 1.0 MAdc, I £ = 0) 

40 

- 


Emitter-Base Breakdown Voltage 

bv ebo 



Vdc 

(I E = 10 MAdc, I c = 0) 

5. 0 

- 


Collector Cutoff Current 

^EX 



MAdc 

(V CE = 20 Vdc, V EB(off) = 0. 25 Vdc, T a > 125" C) 

- 

10 


Collector Cutoff Current 

J CBO 



MAdc 

< V CB = 20 Vdc - ! E * °> 

- 

0. 1 


(V CB = 20 Vdc, 1 E = o, T A = 150° C) 


- 

15 


Emitter Cutoff Current 

*EBO 



MAdc 

< V EB(offr 4 - 0VdC ’ V°> 

- 

0. 1 



ON CHARACTERISTICS 


DC Current Gain 
(I c = 10 mAdc, V CE =1.0 Vdc) 

h FE 

40 

120 


(I c = 10 mAdc, V CE = 1.0 Vdc, T A = -55° C) 


20 

- 


Collector-Emitter Saturation Voltage 
(I c = 100 mAdc, I Q = 10 mAdc) 

V CE(sat) 

- 

0. 7 

Vdc 

(I c = 10 mAdc, I = 1.0 mAdc, T A = -55 to +125° C) 


- 

0. 3 


Base-Emitter Saturation Voltage 
(L, = 100 mAdc, = 10 mAdc) 

L D 

V BE(sat) 

_ 

1. 5 

Vdc 

(I„ = 10 mAdc, T = l.o mAdc, T A = 125°C) 
v C ’ B A 


- 

0. 8 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(L, = 20 mAdc, V„„ = 10 Vdc, f = 100 MHz) 

C Chi 

f T 

250 

- 

MHz 

Output Capacitance 
(V^ D = 10 Vdc, I =0, f =1.0 MHz) 

U3 hi 

C ob 

- 

6.0 

pF 

Turn-On Time (Figure 1) 

(V cc = 3. 0 Vdc, V BE(off) = +2. 0 Vdc, I B1 = 3. 0 mAdc, I c = 10 mAdc) 

»on 

- 

30 

ns 

Turn-Off Time (Figure 1) 

(V cc = 3. 0 Vdc, I c = 10 mAdc, I = 3. 0 mAdc, I R2 = 1.0 mAdc) 

l Off 

- 

50 

ns 

Storage Time (Figure 2) 

(I c = 10 mAdc, l m = I B2 = 10 mAdc) 

t 

s 

! 


25 

1 

ns 


^ Pulse Test: Pulse Wdith = 300 ps ; Duty Cycle = s 2% 
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2n2256, 2n2257 (silicon) 
2n2258 (GERMANIUM) 

2N2259 (GERMANIUM) 



(TO-18) 

Collector connected to case 


NPN silicon and PNP germanium mesa complemen- 
tary transistors for high- speed non- saturated switching 
applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N2256 

2N2257 

2N2258 

2N2259 

Unit 

Collector-Emitter Voltage 

V CEO 

7.0 

7.0 

Vdc 

Collector-Base Voltage 

v 

V CB 

7.0 

7.0 

Vdc 

Emitter-Base Voltage 

V EB 

1.0 

1.0 

Vdc 

Collector Current -Continuous 

x c 

100 

100 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

300 

150 

mW 

Derate above 25°C 


2.0 

2.0 

mW/°C 

Total Device Dissipation @ T r = 25°C 

P D 

1000 

300 

mW 

Derate above 25 C 


6.67 

4.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +175 

-65 to +100 

°C 


TRANSISTOR SELECTION CHART 


TYPE 

TYPE 

h FE (cp l c 25 mA 

NPN 

PNP 

20 

40 

2N2256 

X 


X 


2N2257 

X 



X 

2N2258 


X 

X 


2N2259 


X 


X 
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2N2256 thru 2N2259 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
<I C = 100 MAdc, V BE = 0) 




■ 


Collector -Base Breakdown Voltage 
(I c = 100 MAdc, I E = 0) 

bv cbo 

7.0 

15 

■ 


Emitter -Base Breakdown Voltage 
(I E = 100 MAdc, l c = 0) 

bv ebo 


■ 

■ 

Vdc 

Collector Cutoff Current 
(V CB = 6Vdc, I E = 0) 

X CBO 

_ 

3.0 

10 


( V CB = 6 Vdc > ^ = °> T A = 65 ° C) 


- 

30 

100 

■ 


ON CHARACTERISTICS 


DC Current Gain 


h FE 





(I c = 10 mAdc, V CE = 1 Vdc) 

2N2256, 2N2258 

17 

30 

_ 


2N2257, 2N2259 


40 

50 

- 


(I c = 25 mAdc, V CE = 1 Vdc) 

2N2256, 2N2258 


20 

35 



2N2257, 2N2259 


40 

55 

- 


Base -Emitter On Voltage 


V BE(on) 




Vdc 

(I c = 10 mAdc, V CE = 1 Vdc) 

2N2256, 2N2257 

- 

0.70 

0.8 


2N2258, 2N2259 


- 

0.35 

0.5 


(I c = 25 mAdc, V CE = 1 Vdc) 

2N2256, 2N2257 


_ 

0.8 

0.9 


2N2258, 2N2259 


- 

0. 45 

0.6 


Conduction Threshold Base -Emitter Voltage 

* 

V T 


■ 

■ ■ 

Vdc 

(I c = 200 MAdc, V CE = 1 Vdc) 

2N2256, 2N2257 

1 

0.5 




2N2258, 2N2259 


0.1 

■ 

II 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I c = 10 mAdc, V CE = 1 Vdc,f = 100 MHz) 2N2258, 2N2259 

(I c =10mAdc,V CE = 15 Vdc, f = 100MHz) 2N2256, 2N2257 

f T 

250 

250 


■ 

MHz 

Output Capacitance 

C ob 




pF 

(V = 5 Vdc, L = 0, f = 4 MHz) 2N2256, 2N2257 


- 

4.0 

5.0 


* 2N2258, 2N2259 


- 

4.0 

8.0 


Base Resistance 

r u 




Ohms 

(I„ = 5 mAdc, V rn = 2 Vdc, f = 300 MHz) 






* 2N2256, 2N2257 


- 

50 

100 


2N2258, 2N2259 


- 

75 

125 


Turn-On Time 

t n 




ns 

2N2256, 2N2257 

on 

- 

3.0 

7.0 


See Fig. 1 






2N2258, 2N2259 


- 

4.0 

8.0 


See Fig. 2 






Turn-Off Time 

t ff 




ns 

2N2256, 2N2257 

on 

- 

4.0 

7.0 


See Fig. 1 






2N2258, 2N2259 


- 

3.0 

7.0 


See Fig. 2 







*Base-to-emitter forward bias voltage at which transistor will be at the threshold of conduction; i. e. that 
base -to -emitter voltage at which the collector current is less than or equal to the specified amount 
under a given collector -to-emitter voltage condition. 
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CURRENT GAIN 


2N2256 thru 2N2259 (continued) 


FIGURE 1 — NPN SWITCHING TIME TEST CIRCUIT FIGURE 2 — PNP SWITCHING TIME TEST CIRCUIT 




FIGURE 4 — CURRENT MODE INVERTER FOR USE WITH 
FIGURE 3 — CASCADE COMPLEMENTARY GATE DIODE LOGIC PROPAGATION DELAY TIME 10 ns 



(W2H225S IM-2H2256 


FIGURE 5— CURRENT GAIN CHARACTERISTICS 


FIGURE 6— CURRENT GAIN -BANDWITH 
PRODUCT 'CHARACTERISTICS 




l c , COLLECTOR CURRENT (mA) l c . COLLECTOR CURRENT (mA) 
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2N 2273 (GERMANIUM) 

2N2273 JAN 



Collector connected to case 


High-frequency germanium PNP transistor, de- 
signed for military and high- reliability industrial as 
well as commercial VHF amplifier applications. 


MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector -Base Voltage 

V CB 

25 

Volts 

Collector- Emitter Voltage 

v 

V CES 

25 

Volts 

Collector-Emitter Voltage 

V 

V CEO 

15 

Volts 

Emitter -Base Voltage 

V EB 

1.0 

Volt 

Collector Current 

! C 

100 

mA 

Total Device Dissipation® T. = 25° C 

P D 

150 

mW 

Derate above 25 °C 

2.0 

mW/°C 

Junction Operating & Storage 

Temperature Range 

T J’ T stg 

-65 to +100 

°c 


TABLE I — GROUP A INSPECTION (T A = 25°C unless otherwise noted) 

BOTH TYPES ( LTPD applies to JAN 2N2273 only) 



MIL-STD-750 


Limits 



Examination or Test 

Method 

Symbol 


Max 

Unit 

LTPD 

SUBGROUP 1 



■ 

■ 

wm 


Visual and Mechanical Examination 

2071 

— 

E 

s 

n 

5 

SUBGROUP 2 



fl 



■■ 

Collector -Base Cutoff Current 

3036 

! cbo 



/j.Adc. 



( V CB = 12 VdC > r E = °> 

Condition D 

B 

10 




Collector- Base Breakdown Voltage 

3001 

bv cbo 



Vdc 



(I c = 100 M Adc, I E = 0) 

Condition D 

25 

— 




Emitter -Base Breakdown Voltage 

3026 

bv ebo 



Vdc 



(I E = 100 /iAdc, I c = 0) 

Condition D 

1.0 

— 




Forward Current Transfer Ratio* 

3076 

h FE* 



— 



d c = 1 mAdc, V CE = 10 Vdc) 


20 

75 




Collector -Emitter Breakdown Voltage 

3011 

bv ces 



Vdc 



(I c = 200/iAdc, V BE = 0) 

Condition C 

25 

— 




Small-Signal Forward Current Transfer Ratio 

3306 

h fe 



dB 



(I c = 1 mAdc, V CE = 6 Vdc, f = 10 MHz) 


20 

28 





* Applies to MIL unit only 
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2N2273 (continued) 


TABLE I — GROUP A INSPECTION (continued) 



MIL-STD-750 


Limits | 

Examination or Test 

Method 

Symbol 

Min 

Max 

SUBGROUP 3 

Output Capacitance 

( V CB = 10 Vdc > I E = 0, f = 1 MHz ) 

3236 


. 

3.5 

Base Spreading Resistance 

(I c = 1 mAdc, V CE = 10 Vdc, f = 250 MHz ) 

3266 

9 

— 

250 

Small«Signal Forward Current Transfer Ratio* 
(I c = 1 mAdc, V CE = 6 Vdc, f = 100 MHz) 

3306 

h- * 
fe 

2.5 

— 

Noise Figure* 

( V CB = 10 Vdc, l C = 1 mAdc > 
f = 10 MHz, R^, = 50 ohms) 

3246 

NF* 

— 

12 


Unit 


LTPD 


pF 

ohms 

dB 


STANDARD UNIT ONLY 


Emitter-Base Leakage Current 
(V EB = 0. 5 Vdc, I c = 0) 

X EBO 

B 

100 

juAdc 

■ 

Collector -Emitter Breakdown Voltage 
(I c = lOOpAdc, I E = 0) 

bv ceo 

15 

— 

Vdc 

■ 

Forward Current Transfer Ratio 
(I c = 1 mAdc, V CE = 10 Vdc) 

h FE 

20 

150 

■ 

■ 

Real Part of Small-Signal Short-Circuit Input Impedance 
(V CE = 10 Vdc, I c = 1 mAdc, f = 250 MHz ) 

Re(h ie ) 

50 

250 

ohms 

■ 

Power Gain (See Figure 1) 

( V CE = 9 Vdc ’ I C= 1 mAdc > £ = 30 MHz ) 

°PE 

10 

30 

dB 

■ 


* Applies to MIL unit only 


TABLE II — GROUP B INSPECTION — JAN 2N2273 only 

(Ta = 25°C unless otherwise noted) 



MIL-STD-750 

Method 


Limits 




Examination or Test 

Symbol 

Min 

Max 

Unit 

LTPD 

SUBGROUP 1 



■ 

■1 

B 



Physical Dimensions 

2066 

9 


H 

B 


10 

SUBGROUP 2 



■ 

■ 

■ 

> 


Solder ability 

2026 

— 

E 

B 




Temperature Cycling 

1051 

— 

fl 

I 




(T hi g h = 100 to CC; 10 c y cles > 

Condition B 


■ 

■ 

B 


► 10 

Thermal Shock 
(Glass Strain) 

1056 

Condition A 

— 

■ 

B 

B 


Moisture Resistance 

1021 

— 

fl 

B 

1 



End Points: (Subgroups 2, 3, 5, 6, 7) 



;V;fl 





Collector -Base Cutoff Current 
(V CB = 12 Vdc, I E = 0) 

3036 

Condition D 

X CBO 

I 

20 

pAdc 



DC Forward Current Transfer Ratio 
(I c = 1 mAdc, V CE = 10 Vdc) 

3076 

h FE 

15 

— 

■ — 
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2N2273 (continued) 


TABLE II — GROUP B INSPECTION (continued) 



MIL-STD-750 

Method 


Limits 




Examination or Test 

Symbol 

[^3 

Max 

Unit 

LTPD | 

SUBGROUP 3 



■ 


m 


■j 

Shock 

(500 G, 1 msec, 5 blows each orientation: 

Y v Y 2 , X x and Zj) 

2016 

Nonoperating 


■ 

1 

| 



Vibration, Variable Frequency 
(10 G) 

2056 

— 

i 

B 

B 


Constant Accelerating 
(10, 000 G) 

2006 

— 

■ 

B 

B 


1 

End Points: Same as Subgroup 2 



■ 

B 

1 


■ 

SUBGROUP 4 


■ ■ 

■ 

B 

BB 



Lead Fatigue (Note 1) 

2036 

Condition E 

| 

B 

B 

D 


10 

SUBGROUP 5 



■ 

■ 




High Temperature Operation (Note 2) 


_ 

H 

B 





(T a = 70^0 








Collector -Base Cutoff Current 
(V CB = 12 Vdc, I E = 0) 

3036 

! cbo 

■ 

100 

p, Adc 


► 10 

Low Temperature Operation (Note 2) 

(T a = -55±3°C) 


— 

— 

— 

— 


Forward Current Transfer Ratio 

( V CE = 10 Vdc > l C = 1 mAdc ) 

3076 

h FE 

8.0 

B 




Salt Atmosphere (Corrosion) 

End Points: Same as Subgroup 2 

1041 

— 

— 

1 

— 


■ 

SUBGROUP 6 


■ ■ 

m 

B 

| 



High Temperature Life 

1031 


B 

B 

9 

A 

.= 10 

(T a = 100+5°c) 

(Nonoperating) 

■ 

I 

■ 

1 



End Points: Same as Subgroup 2 



■ 

B 

■ 



SUBGROUP 7 


■ 

■ 

B 

II 



Steady State Operation Life 

1026 

1 


1 

1 

O 

II 

X 

(V CB = 10 Vdc, P c = 60 mW, T a = 55 ^°C) 


1 

■ 


11 



End Points: Same as Subgroup 2 


BfBf 

B 

BE 





Note 1. Rejects from prior electrical tests from the same lot may be used for this test. 
Note 2. Test measurement shall be made after thermal equilibrium has been reached at 
the temperature specified. 


FIGURE 1 - 30 MHzPOWER GAIN TEST CIRCUIT 
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, COLLECTOR-EMITTER VOLTAGE (Vdc) O h '*’ AC CURRENT GAIN 


2N2273 (continued) 


AC CURRENT GAIN versus FREOUENCY 


VARIATION IN DC GAIN versus COLLECTOR CURRENT 




ONTOURS OF CURRENT GAIN — BANDWIDTH PRODUCT 


fr AND r b 'Cc versus COLLECTOR CURRENT 




2N2285 thru 2N 2287 


For Specifications, See 2N1651 Data. 
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r b 'C e , COLLECTOR-BASE TIME CONSTANT (ps) 







2N 2288,2n 2289 (germanium) 

2n 2290 


PNP GERMANIUM POWER SWITCHING 
TRANSISTORS 


10 AMPERE 


. . . designed for fast-switching applications requiring low saturation 
voltage and excellent collector-emitter sustaining voltage capability. 


PNP ADE GERMANIUM 
POWER TRANSISTORS 


• Alloy-Diffused Epitaxial Construction 

• Low Saturation Voltages — 

VQE(sat) = 0-5 Vdc (Max) @ lc = 5.0 Adc 
VBE(sat) = 1-0 Vdc (Max) @ lc = 5.0 Adc 


40-120 VOLTS 
70 WATTS 


MAXIMUM RATINGS 


Rating 

*Collector-Emitter Voltage 

( r be ~ 100 ohms ) 

♦Collector- Base Voltage 
♦Emitter-Base Voltage 
♦Collector Current - Continuous 


Base Current - Continuous 


Symbol 

V CER 


2N2288 


2N2289 


2N2290 


40 


120 


40 


120 


0.75 
- 10 - 
-3.0 


Unit 


Vdc 


Vdc 


Vdc 


Adc 


Adc 



Total Device Dissipation T_ 
♦Dei’ate above 25°C 
♦Operating and Storage Junction 
Temperature Range 


70 

"0.833" 


T J’ T stg 


Watts 

W/°C 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

°JC 

1.2 

°c/w 


♦Indicates JEDEC Registered Data. 


FIGURE 1 - SUSTAINING VOLTAGE TEST CIRCUIT 




CASE 1 1 A 
(TO-3) 

Except Pin Diameter 
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2N2288, 2 N 2289, 2N2290 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I c = 100 mAdc, = 0) 

2N2288 

bv ceo 

30 


Vdc 

2N2289 


50 

- 



2N2290 


70 

- 


Collector-Emitter Sustaining Voltage (See Figure 1) 

(I = 5. 0 Adc) 

2N2288 

V CE(sus) 

30 


Vdc 


2N2289 


50 

- 



2N2290 


70 

- 


♦Collector-Emitter Breakdown Voltage 
(I c = 50 mAdc, Rg E = 100 Ohms) 

2N2288 

bv cer 

40 


Vdc 

2N2289 


80 

- 



2N2290 


120 

- 


♦Collector Cutoff Current 


T 



mAdc 

(V CE = 15 Vdc, I B = 0) 

2N2288 

CEO 

- 

50 

(•V CE = 25 Vdc, I B = 0) 

2N2289 


- 

50 


(V CE = 35 Vdc, I B = 0) 

2N2290 


- 

50 


♦Collector Cutoff Current 


j 



mAdc 

( V CE = 40 vdc > V BE(off) = °- 1 Vdc ’ T C = 100 ° C ’ +0 > -3.0°C) 

2N2288 

CEX 

- 

35 

(V CE = 80 Vdc, V BE(off) = 0. 1 Vdc, T c = 100°C, +0, -3.0°C) 

2N2289 


- 

35 


(V CE = 120 Vdc, V BE(off) = 0. 1 Vdc, T c = 100°C,+0, -3.0°C) 

2N2290 


- 

35 


Collector Cutoff Current 
(V CB = 2.0 Vdc, I E = 0) 

All Types 

^BO 

_ 

200 

pAdc 

*(V CB - 40 Vdc, I E = 0) 

2N2288 


- 

5. 0 

mAdc 

*(V CB = 80 Vdc, I E = 0) 

2N2289 


- 

5. 0 


*(V CB = 120 Vdc, I E = 0) 

2N2290 


- 

5.0 


Emitter Cutoff Current 


J 



mAdc 

( V EB = °- 75 vdc > ! c = °) 


EBO 

- 

25 


ON CHARACTERISTICS 


♦DC Current Gain 

(I c = 2.0 Adc, V CE = 5.0 Vdc) 

(I c = 5. 0 Adc, V CE = 2. 0 Vdc) 

h FE 

20 

20 

60 


Collector -Emitter Saturation Voltage 
(I c = 5.0 Adc, I B = 0. 5 Adc) 

V CE(sat) 

- 

0. 5 

Vdc 

♦Base-Emitter Saturation Voltage 
(I c = 5.0 Adc, I = 0. 5 Adc) 

V BE(sat) 

- 

1 . 0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


♦Small-Signal Current Gain 

(I c = 0. 5 Adc, V CE = 14 Vdc, f = 1. 0 kHz) 

li- 

fe 

25 

100 

- 

(I c = 0.5 Adc, V CE = 6. 0 Vdc, f = 30 kHz) 


15 

- 



SWITCHING CHARACTERISTICS 


Rise Time 

I c = 5. 0 Adc, I B1 = I B2 = 1. 0 Adc) 

(See Figure 2) 

t 

r 

- 

5.0 

|US 

Storage Time 


- 

7. 0 

MS 

Fall Time 


- 

8.0 

MS 


♦Indicates JEDEC Registered Data. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


+ 10 V 


100 /us 

o— 


-10.5 V 


PRF = 60 Hz 


^ 100 /us 

■ Input Pulse t r , tf £10 ns 


Adjust for 
l c = 5.0 A 
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2*2291, 2*2292 (GERMANIUM) 

2*2293 


PNP GERMANIUM POWER SWITCHING 
TRANSISTORS 


. . designed for fast switching applications requiring low saturation 
voltage and excellent collector-emitter sustaining voltage capability. 

• Alloy-Diffused Epitaxial Construction 

• Low Saturation Voltages — 

VcE(sat) = 0-5 Vdc @ lc = 5.0 Adc 
VeE(sat) = 1-0 Vdc @ lc = 5.0 Adc 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

1.2 

°c/w 


“Indicates JEDEC Registered Data. 

FIGURE 1 - SUSTAINING VOLTAGE TEST CIRCUIT 



10 AMPERE 


PNP ADE GERMANIUM 
POWER TRANSISTORS 

40-120 VOLTS 
70 WATTS 




Collector Connected to Case 

CASE 11A 

(TO-3) 

Except Pin Diameter 


2-275 





2N2291 thru 2N2293 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


bv ceo 



Vdc 

(I = 100 mAdc, I = 0) 

2N2291 

30 

- 



2N2292 


50 

- 



2N2293 


70 

- 


♦Collector-Emitter Sustaining Voltage (See Figure 1) 


V CE(sus) 



Vdc 

*(I C = 500 mAdc) 

2N2291 

30 

- 


2N2292 


50 

- 



2N2293 


70 

- 


**(I C = 5.0 Adc) 

2N2291 


25 

- 


2N2292 


50 

- 



2N2293 


70 

- 


♦Collector -Emitter Breakdown Voltage 


bv cer 



Vdc 

(I„ = 50 mAdc, R_,„ = 100 ohms) 

C DEj 

2N2291 

40 

- 


2N2292 


80 

- 



2N2293 


120 

- 


♦Collector Cutoff Current 
(V CE = 15 Vdc, I B = 0) 

2N2291 

X CEO 

_ 

50 

mAdc 

(V CE = 25 Vdc, I B = 0) 

2N2292 


- 

50 


(V CE = 35 Vdc, I B = 0) 

2N2293 


- 

50 


♦Collector Cutoff Current 


*CEX 



mAdc 

(V CE = 40 Vdc, V BE(of£) = 0. 1 Vdc, T c = 100°C) 

2N2291 

- 

35 


(V CE = 80 Vdc, V BE(o££) = 0. 1 Vdc, T c = 100“C) 

2N2292 


- 

35 


(V CE = 120 Vdc, V BE(off) = 0. 1 Vdc, T c = 100-C) 

2N2293 


- 

35 


Collector Cutoff Current 


^BO 



MAdc 

*( v Cb = - 2 0 Vdc > I E =°) 

All Types 

- 

200 


*(V CB = 40 Vdc, I E = 0) 

2N2291 


- 

5. 0 

mAdc 

*(V CB = 80 Vdc, I E = 0) 

2N2292 


- 

5. 0 


*(V CB = 120 Vdc, I E = 0) 

2N2293 


- 

5. 0 


Emitter Cutoff Current 


^BO 



mAdc 

(V EB = 1.5 Vdc, I c = 0) 


- 

50 



ON CHARACTERISTICS 


♦DC Current Gain 

(I c = 2.0 Adc, V CE = 5.0 Vdc) 

(I c = 5.0 Adc, V CE = 2.0 Vdc) 

h FE 

40 

50 

120 


Collector-Emitter Saturation Voltage 
(I c = 5. 0 Adc, I B = 0. 5 Adc) 

V CE(sat) 

- 

0.5 

Vdc 

♦ Base-Emitter Saturation Voltage 
(I c = 5.0 Adc, Ig = 0. 5 Adc) 

V BE(sat) 

- 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


♦Small-Signal Current Gain 

h, 

fe 



- 

(I c = 0. 5 Adc, V CE = 14 Vdc, f = 1. 0 kHz) 

50 

200 


(I c = 0. 5 Adc, V CE = 6. 0 Vdc, f = 30 kHz) 


15 

- 



SWITCHING CHARACTERISTICS 


Rise Time 

(I c = 5. 0 Adc, I fil = I fi2 = 0.5 Adc) 

(See Figure 2) 


- 

7.0 

M s 

Storage Time 

‘s 

- 

10 

M s 

Fall Time 

l t 

- 

8.0 

ps 


♦Indicates JEDEC Registered Data. 

♦♦Motorola guarantees this data in addition to the JEDEC Registered Data Shown. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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2n2303 (SILICON) 


For Specifications, See 2N722 Data. 


2n 2322 thru 2 n2326 (SILICON) 



All-diffused PNPN thyristors designed for gating 
operation in mA//iA signal or detection circuits. 


MAXIMUM RATINGS*< T J = 125°C unless otherwise noted, R SK = 1000 ohms) 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage 

VRSM(rep) 


Volts 

(Note 1) 2N2322 

25 


2N2323 


50 


2N2324 


100 


2N2325 


150 


2N2326 


200 


Non-Repetitive Peak Reverse Blocking Voltage 
(t < 5. 0 ms) 2N2322 

v RSM(non-rep) 

40 

Volts 

2N2323 


75 


2N2324 


150 


2N2325 


225 


2N2326 


300 


Forward Current RMS 

Il(RMS) 

1.6 

Amp 

(All Conduction Angles) 



Peak Surge Current 

Itsm 

15 

Amp 

(One -Half Cycle, 60 Hz) 

No Repetition Until Thermal 

Equilibrium is Restored 





Peak Gate Power — Forward 

P GM 

0.1 

Watt 

Average Gate Power — Forward 

p G(AV) 

0.01 


Peak Gate Current — Forward 

IGM 

0.1 

Amp 

Peak Gate Voltage — Forward 

v 

GFM 

6.0 

Volts 

Reverse 

v 

6.0 



GRM 



Operating Junction Temperature Range 

t j 

-65 to +125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 

Lead Solder Temperature 

- 

+230 

°c 

(> 1/16” from case, 10 sec. max) 





* JEDEC Registered Values 
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2N2322 thru 2N2326 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25*C unless otherwise noted, R 6K = 1000 ohms) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Peak Forward Blocking Voltage (Note 1) 

V DRM 



Volts 

2N2322 

25* 

- 


2N2323 


50* 

- 


2N2324 


100* 

- 


2N2325 


150* 

- 


2N2326 


200* 

- 


Peak Reverse Blocking Current 




uA 

(Rated Vdrm> T j = 125 ° c ) 

~ 



Peak Forward Blocking Current 




UA 

(Rated Vj) rjvi» = 1 2 ® 0 C) 

- 

100* 


Forward "On" Voltage 

Vj 




(Ij = 1. 0 A Peak) 

- 



(I T = 3. 14 A Peak, T Q = 85° C) 


- 



Gate Trigger Current (Note 2) 

X GT 



uA 

(Anode Voltage = 6. 0 Vdc, R L = 100 ohms) 

- 

200 


(Anode Voltage = 6. 0 Vdc, R L = 100 ohms, T c = -65° C) 


- 

350* 


Gate Trigger Voltage 

V 

V GT 



Volts 

(Anode Voltage = 6. 0 V, R^ = 100 ohms) 

- 

0.8 


(Anode Voltage = 6. 0 V, R L = 100 ohms, T Q = -65° C) 


- 

1.0* 


( V DRM = Rated, R L = 100 ohms, Tj = 125°C) 


0.1* 

- 


Holding Current 

IH 



mA 

(Anode Voltage = 6. 0 V) 

- 

2.0 


(Anode Voltage = 6. 0 V, T Q = -65° C) 


- 

3.0* 


(Anode Voltage = 6.0 V, T Q = 125°C) 


0.15* 

- 


Turn-On Time 

f gt 

Circuit dependent, 


Turn-Off Time 


Circuit dependent, 
consult manufacturer 

































2N2330 (SILICON) 
2N2331 



CASE 22 

(TO-18) 

2N2331 


Collector connected to case 

MAXIMUM RATINGS 


NPN silicon annular Star transistors for low-level 
DC/AC chopper applications. 


CASE 31 

(TO-5) 

2N2330 


Rating 

Symbol 

2N2330 

(TO-5) 

2N2331 

(T0-18) 

Unit 

Collector -Emitter Voltage 

v 

V CEO 

20 

20 

Vdc 

Collector -Base Voltage 

V CB 

30 

30 

Vdc 

Emitter -Base Voltage 

V EB 

5.0 

5.0 

Vdc 

Collector Current 

l c 

500 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

0.8 

0.5 

Watt 

Derate above 25°C 


5.33 

3.33 

mW/°C 

Total Device Dissipation @ T c = 25°C 

P D 

3.0 

1.8 

Watts 

Derate above 25°C 


20 

12 

mW/°C 

Operating Junction Temperature Range 

t j 

-65 to +175 

°C 

Storage Temperature Range 

T stg 

-65 to + 200 

°c 
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2N2330, 2N2331 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector -Emitter Breakdown Voltage 
(I c = 1 mAdc, I B = 0) 

bv ceo 

20 

_ 

Vdc 

Collector -Base Breakdown Voltage 
(I c = 10 MAdc, I £ = 0) 

bv cbo 

30 

_ 

Vdc 

Emitter -Base Breakdown Voltage 
(I E = 10 MAdc, I c = 0) 

bv ebo 

5.0 

- 

Vdc 

Collector Cutoff Current 
( V CB= 4 ' 5Vdc > I E = °) 

r CBO 

- 

1.0 

nAdc 

Emitter Cutoff Current 
(V BE = 4.5 Vdc) 

X EBO 

- 

5.0 

nAdc 

Offset Current 

(V BC = 2y dc, V CE = 0, T a = 25°C) 

r (off) 

- 

1 

nAdc 

(V BC = 2 Vdc, V CE = 0, T A = 85°C) 


- 

10 


ON CHARACTERISTICS 

DC Current Gain 
(I c = 10 mAdc, V CE = 1 Vdc) 

h FE 

50 

_ 

- 

Offset Voltage 

(I B = 200 MAdc, I E = 0) 

V (off) 

Bli 

0.75 

mVdc 

Inverse Saturation Voltage 
(I B = 200 /xAdc, I E = 50 ^Adc) 

V EC(sat) 


3.0 

mVdc 


DYNAMIC CHARACTERISTICS 


Current -Gain — Bandwidth Product 

(I c = 1 mAdc, V CE = 1 Vdc, f = 100 MHz) 

f T 


- 

MHz 

Output Capacitance 
(V CB = 2 Vdc, I E - 0) 

C ob 

- 

10 


Input Capacitance 

(V BE = 2Vdc, I c = 0) 

C ib 

- 

20 

pF 
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, EMITTER CURRENT OtAdc) v *c(*at), INVERSE SATURATION VOLTAGE (mV) v £C (sat|, inverse SATURATION VOLTAGE (mV) 


2N2330, 2N2331 (continued) 


INVERSE SATURATION VOLTAGE 
versus 

EMITTER CURRENT 



l lt EMITTER CURRENT ( M A) 


INVERSE SATURATION VOLTAGE 
versus 

BASE CURRENT 


INVERSE SATURATION VOLTAGE 
versus 

BASE CURRENT 



li, BASE ON-DRIVE CURRENT ( M A) 


OFFSET VOLTAGE 
versus 

BASE CURRENT 



!„ BASE ON-DRIVE CURRENT (^A) 


l„ BASE OFF-DRIVE CURRENT (^A) 


INVERSE OUTPUT CAPACITANCE versus COLLECTOR-BASE VOLTAGE 

SATURATION and 

CHARACTERISTICS INPUT CAPACITANCE versus EMITTER-BASE VOLTAGE 



Vtc, EMITTER-COLLECTOR VOLTAGE (mVdc) REVERSE BIAS (VOLTS) 
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2n 2357 thru 2 n 2359 (Germanium) 



CASE 161 

(TO-41) 

Collector Connected to Case 


PNP Germanium power transistors designed for very high-cur- 
rent switching applications requiring low saturation voltages, fast 
switching times and good safe operating area. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N2357 

2N2358 

2N2359 

Unit 

Collector-Emitter Voltage 

v 

CEO 

30 

60 

80 

Vdc 

Collector-Base Voltage 

v 

CB 

60 

100 

120 

Vdc 

Emitter -Base Voltage 

V EB 

— 2. 5 ► 

Vdc 

Collector Current - Continuous 

r c 

— 50 — ■ 

Adc 

Base Current - Continuous 


— to — ► 

Adc 

Total Device Di s sipation @T-, =25°C 
Derate above 25° C 

P D 

^ 170 

2.0 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J ,T stg 

- — -65 to +110 — *- 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction 
to Case 

°JC 

0.5 

°c/w 


FIGURE 1 - SUSTAINING VOLTAGE TEST CIRCUIT 


•B(off) - 


Rl = 1.0 Ohm, 20 Watts 
R 2 = 10 Ohms, 2.0 Watts 
R3 = 0-1 Ohm, 1 . 0 % 
R 4 -O.O 4 Ohm 


R 5 : lc Adjust @ Vqe = Vz 
[C 


Bl : Adjust for lB(on) = jg 
B 2 = 2.0 Vdc, Adjust for I B(off> = 0.2 Adc 
B 3 = 12 Vdc 

*Not required if current probe is used to read I bi 
**PRF 60 Hz 

***Zener selected to establish Sustaining Voltage. 

NOTE: Series impedance and inductance must be kept to a minimum. 



'B(on) 



:=i B 3 
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2N2357 thru 2N2359 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector -Emitter Breakdown Voltage 


bv ceo 




Vdc 

(I c = 100 mAdc, I 0 = 0) 

2N2357 

30 

- 

- 


2N2358 


60 

- 

- 



2N2359 


80 

- 

- 


Collector-Emitter Sustaining Voltage (See Figure 1) 


V CE(sus) 




Vdc 

(I = 50 Adc) 

2N2357 

35 

- 

- 



2N2358 


40 

- 

- 



2N2359 


45 

- 

- 


Collector -Emitter Cutoff Current 


^ES 




mAdc 

< V CE =60VdC ’ V BE = ° 

2N2357 

- 

- 

50 


( v CE = ioovdc, v BE =o) 

2N2358 


- 

- 

50 


(V CE = 120Vdc, V BE =0) 

2N2359 


- 

- 

50 


Collector Cutoff Current 


X CBO 




MAdc 

(V CB = 2.0 Vdc, I E =0) 


- 


200 


Collector -Emitter Cutoff Current 


^EX 




mAdc 

(V CE =40Vdc, V BE(off) =0.2Vdc) 

2N2357 

- 

- 

5.0 


(VcE=80Vdc, V BE(off) =0.2Vdc) 

2N2358 


- 

“ 

5.0 


< V CE =100Vdc ’ V BE(o££)=°- 2Vdc) 

2N2359 




5.0 


(V CE = 40 Vdc, V BE(off) = 0. 2 Vdc, T c = 100' C) 

2N2357 


- 

- 

35 


(40, -3.0°C) 







(V CE = 80 Vdc, V BE(off) = 0. 2 Vdc, T c = 100'C) 

2N2358 


- 

- 

35 


(+0, -3.0°C) 


| 





(V CE = 100 Vdc, V BE(off) = 0.2 Vdc, T c = 100' C) 

2N2359 



- 

35 


(40, -3.0“C) 







Emitter Cutoff Current 


^BO 




mAdc 

(V EB = 2. 5 Vdc, I c = 0) 


- 

- 

50 



ON CHARACTERISTICS 


DC Current Gain 
(I c = 20 Adc, V CE = 1. 5 Vdc) 

(I = 50 Adc, V^ = 1. 5 Vdc) 

O Crj 

h FE 

30 

15 

- 

90 


Collector-Emitter Saturation Voltage 

(1^ = 50 Adc, I_ = 5.0 Adc) 

L 13 

V CE(sat) 

- 

- 

0.5 

Vdc 

Base -Emitter Saturation Voltage 
(I c = 50 Adc, I B = 5. 0 Adc) 

V BE(sat) 

- 

- 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Small -Signal Current Gain 

fe 




_ 

(I c = 0. 5 Adc, V CE = 6. 0 Vdc, f = 30 kHz) 

20 

- 

- 



SWITCHING CHARACTERISTICS 


Rise Time 

(V cc = -28 Vdc, 

I c = 50 Adc, 

I B1 =5.0 Adc, I B2 =3.0 Adc) 

(See Figure 3) 

t 

r 

- 

12 

- 

MS 

Storage Time 

*. 

- 

5.0 

- 

MS 

Fall Time 

l f 

- 

6.0 

- 

MS 


FIGURE 2 - SWITCHING TIMES FIGURE 3 - SWITCHING TIME 

TEST CIRCUIT 




1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

1C, COLLECTOR CURRENT (AMP) 
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2n2368 (SILICON) 



Collector connected to case 

MAXIMUM RATINGS 


NPN silicon annular transistor designed for high- 
speed, low-level, saturated -switching application. 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

CEO 

15 

Vdc 

Collector- Emitter Voltage 

V CES 

40 

Vdc 

Collector-Base Voltage 

v 

CB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

4.5 

Vdc 

Total Device Dissipation© T. ~25°C 

PD 

0.36 

Watt 

Derate above 25°C 


2.06 

mW/°C 

Total Device Dissipation© T^ = 25°C 

Pd 

1.2 

Watt 

Derate above 25°C 


6.85 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J> T stg 

I 

-65 to +200 

°C 


FIGURE 1 — STORAGE TIME TEST CIRCUIT 


o 


-10 



PULSE GENERATOR 
V in RISE TIME < 1 ris 
SOURCE IMPEDANCE --- 50Q 
PW -■ - 300 ns 
DUTY CYCLE < 2% 
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2N2368 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage m 
(IC = 10 mAdc, Ib = 0) 

bv ceo 

15 

___ 

Vdc 

Collector -Emitter Breakdown Voltage 
(I c = 10 MAdc, Vbe= 0) 

bv ces 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 
(IC = 10 (iAdc, I E = 0) 

bv cbo 

40 

— 

Vdc 

Emitter-Base Breakdown Voltage 
<I E =10 p Adc, Ic = 0) 

bv ebo 

4.5 

— 

Vdc 

Collector Cutoff Current 
(V CB = 20 Vdc, I E = 0) 

(VCB = 20 Vdc, I E = 0, T A = 150°C) 

! cbo 

— 

0.4 

30 

juAdc 


ON CHARACTERISTICS 


DC Current Gain (1) 

(I C = 10 mAdc, V CE = 1.0 Vdc) 

(IC = 10 mAdc, V CE = 1.0 Vdc, T A = -55°C) 

(IC = 100 mAdc, V C e = 2.0 Vdc) 

h FE 

20 

10 

ao 

60 

— 

Collector- Emitter Saturation Voltage 
(Ic = 10 mAdc, I B = 1.0 mAdc) 

V CE(sat) 

— 

0.25 

Vdc 

Base- Emitter Saturation Voltage 
(Ic = 10 mAdc, I B = 1.0 mAdc) 

V BE (sat) 

0.7 

0.85 

Vdc 


DYNAMIC CHARACTERISTICS 


Cur rent -Gain— Bandwidth Product 
(I c = 10 mAdc, V CE = 10 Vdc, f = 100 mh z ) 

f T 

400 


MHz 

Output Capacitance 
(Vcb = 5.0 Vdc, I E = 0, f = 140 kHz) 

c ob I 



4.0 

PF 

Storage Time (Figure 1) 

(Ic = Ifil = 10 mAdc, I B 2 = “10 mAdc) 

ts 



10 

ns 

Turn-On Time (Figure 2) 

(Iq = 10 mAdc, I B i = 3.0 mAdc, I B 2 = -1.5 mAdc) 

*on 

— 

12 

ns 

Turn-Off Time (Figure 2) 

(Ic = 10 mAdc, I B i = 3.0 mAdc, I B 2 = -1.5 mAdc) 

toff 

— 

15 

ns 


(1) Pulse Test: Pulse Width = 300 /is; Duty Cycle < 2% 



TO 0SCILL0SC 
INPUT IMPEDA 
RISE TIME * 1 

TURN- 

)PE 

NCE-50Q 

ns 

OFF WAVEFORMS 

°rT 

10% 



Vouf t 

y 

c 90% 

V BB = +12V 
V in - -15 V 


♦ toff ♦ 
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2N2369 (SILICON) 

2N3227 



Collector connected to case 

MAXIMUM RATINGS 


NPN silicon annular transistors for low-current, 
high-speed switching applications. 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

40 

Vdc 

Collector- Emitter Voltage 

V CES 

40 

Vdc 

Collector- Emitter Voltage 2N2369 

V CEO 

15 

Vdc 

2N3227 



Emitter- Base Voltage 2N2369 

V EB 

4.5 

Vdc 

2N3227 

6.0 


Collector Current (10 /isec pulse) 

^(Peak) 

500 

mA 

Total Device Dissipation 

P D 



@ 25°C Ambient Temperature 


0.36 

Watt 

Derating Factor Above 25°C 


2.06 

mW/°C 

Total Device Dissipation 
@ 25°C Case Temperature 

P D 

1.2 

Watts 

Derating Factor Above 25°C 


6.85 

mW/°C 

Junction Temperature, Operating 

T J 

+ 200 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 


FIGURE 1- U CIRCUIT -10 mA 


FIGURE 3 — t off CIRCUIT -10 mA 



+ 10.8 V 


FIGURE 2 -U CIRCUIT -100 mA 

-4 <■ k- 




PULSE WIDTH (t.) = 300 ns 
DUTY CYCLE = 2% 



FIGURE 4 -U CIRCUIT -100 mA 


-8.6 V ' 


o — VW- 

10 V 95 (7 


Vav 

[■*“< 1 ns 


1 K 


PULSE WIDTH (ti) BETWEEN 10 AND 500ms 
DUTY CYCLE = 2% 



'TN . 

! Cs < 12 pf 


1N916J 

* Total shunt capacitance of test jig and connectors. 
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2N2369, 2N3227 (continued) 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Collector Cutoff Current 
(V CB = 20 Vdc) 

2N2369 

2N3227 

(V CB = 20 Vdc, T a = 150°C) 

2N2369 

2N3227 

Collector Cutoff Current 
(V CE = 20 Vdc, V EB(off) = 3 Vdc) 

2N3227 

Base Cutoff Current 
(V CE = 20 Vdc, V EB(off ) , 3 Vdc) 

2N3227 

Collector-Base Breakdown Voltage 
(Ic = 10/i Adc, I B = 0) 

Emitter- Base Breakdown Voltage 
(I E = 10/i Adc, I c = 0) 

2N2369 

2N3227 

Collector- Emitter Breakdown Voltage (1) 

(I c = 10 mAdc) 

2N2369 

2N3227 

Collector- Emitter Voltage 
(I c = 10/i Adc, I B = 0) 

Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ig = 1 mAdc) 

(Iq = 100 mAdc, Ig = 10 mAdc) 

Both Types 
2N3227 

Base- Emitter Saturation Voltage 0) 

(I c = 10 mAdc, I B = 1 mAdc) 

(Ic = 100 mAdc, l B = 10 mAdc) 

Both Types 
2N3227 

DC Current Gain 
(I c = 10 mAdc, V CE = 1.0 Vdc) 

2N2369 

2N3227 

(I C = 10 mAdc, V CE = 1.0 Vdc, T A = -55°C) 

2N2369 

2N3227 

(I c = 100 mAdc, V CE = 1.0 Vdc) 

2N3227 

(I c = 100 mAdc, V CE = 2 Vdc) 

2N2369 

Small Signal Current Gain 
(I c = 10 mAdc, V CE = 10 Vdc, f = 100 mhz) 

Output Capacitance 
(V CB = 5 Vdc, I E = 0, f = 140 kHz) 

Input Capacitance 

(VgE = 1 Vdc, Ic = 0, f = 140 kHz) 

2N3227 

Storage Time 

0C = X B1 = l B2 = 10 mA ) 

Turn-On Time 

(Ic = 10 mA, I B , = 3 mA, V cc = 3 V, V EB(offl 

= 1. 5 Vdc) 

Turn-Off Time 

(I c = 10 mA, I B ^ = 3 mA, I B 2 = 1.5 mA, Vcc = 

3 V) 

Total Control Charge 
(I c = 10 mA, I B = 1 mA, V cc = 3 V) 

2N3227 


Fig. No. Symbol 


Min Max Unit 


H Adc 


Delay Time 

V C C = 10V, VEB(off) =2 Vdc, 2N3227 

Rise Time I^ = 100 mA, I B ^ = 10 mA 


Storage Time y 

-- CC v 9M9007 

Fall Time 'C - 100 mA, I B1 - I B2 - 10 mA 


1 Pulse Test: Pulse Width * 300 /is, Duty Cycle * 2% 



4.0 

pF 

4.0 

pF 

13 

ns 

12 

ns 

18 

ns 

50 

pC 

5.0 

ns 

18 

ns 

13 

ns 

15 

ns 
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CHARGE (pC) CAPACITANCE (pF) 


2N2369, 2N3227 (continued) 




FIGURE 8 - Q t TEST CIRCUIT 



FIGURE 9 — TURN-OFF WAVE FORM 



TIME *■ 


FIGURE 10 - STORAGE TIME EQUIVALENT TEST CIRCUIT 



* Total shunt capacitance of test jig and connectors. 
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, SATURATION VOLTAGE (VOLTS) h„, MINIMUM DC CURRENT GAIN V CE , MAXIMUM COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N2369, 2N3227 (continued) 


FIGURE 11 - MAXIMUM COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 



0.02 0.05 0.1 0.2 0.5 1.0 2 5 10 20 

l„ BASE CURRENT (mA) 


FIGURE 12- MINIMUM CURRENT GAIN CHARACTERISTICS 



1 2 5 10 20 50 100 

l c , COLLECTOR CURRENT (mA) 


FIGURE 13 - SATURATION VOLTAGE LIMITS FIGURE 1 4 - TYPICAL TEMPERATURE COEFFICIENTS 




1 2 5 10 20 50 100 0 10 20 30 40 50 60 70 80 90 100 

l Cl COLLECTOR CURRENT (mA) l c COLLECTOR CURRENT (mA) 
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2 n 236 9 A (SILICON) 

2N2369A JAIM, JTX AVAILABLE 



CASE 22 

(TO- 18) 


NPN silicon epitaxial transistor for high-speed 
range of 10 - 100 mAdc switching applications. Speci- 
fications provided at -55° C to +125° C for critical dc 
characteristics. 


Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

CEO 

15 

Vdc 

Collector-Emitter Voltage 

v 

CES 

40 

Vdc 

Collector-Base Voltage 

v 

CB 

40 

Vdc 

Emitter -Base Voltage 

V EB 

4. 5 

Vdc 

Collector Current — Continuous 

r c 

200 

mAdc 

Peak (10 /is Pulse) 


500 


Total Device Dissipation® = 25° C 

P D 

0. 36 

Watt 

Derate above 25° C 


2.06 

mW/°C 

Total Device Dissipation @T^ = 25° C 

P D 

1. 2 

Watts 

Derate above 25° C 


6.85 

mW/° C 

Operating Junction Temperature Range 

T J 

+200 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 


FIGURE 1 - to„ CIRCUIT - 10 mA FIGURE 2 - U CIRCUIT - 10 mA 



DUTY CYCLE =2.0% " DUTY CYCLE = 2. 0% 


t Total shunt capacitance of test jig and connectors. 

























2N2369A (continued) 


ELECTRICAL CHARACTERISTICS (T* sc 25'C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 

(I c = 10 rnAdc, I B = 0) 

- 

bv ceo* 

15 

_ 

Vdc 

Collector-Emitter Breakdown Voltage 
(I c = 10 /iAdc, I B = 0) 

- 

bv ces 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 10 /I Adc , I £ = 0) 

- 

bv cbo 

40 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 10 m A dc, I c =0) 

- 

bv ebo 

4.5 

- 

Vdc 

Collector Cutoff Current 
< V CE= 20VdC ’ V BE'°> 

- 

X CES 

- 

0.4 

/iAdc 

Collector Cutoff Current 
(V CB = 20 Vdc, I E = 0, T a = 150°C) 

- 

! cbo 

- 

30 

U Adc 

Base Current 
(V C E= 20vdc . V BE =0) 

- 

■b 

- 

0. 4 

/iAdc 


ON CHARACTERISTICS 


DC Current Gain* 
d c = 10 rnAdc, V CE =1.0 Vdc) 

- 

h FE* 


120 

- 

d c = 10 rnAdc, V CE = 0. 35 Vdc) 



40 

. - 


d c = 10 rnAdc, V CE = 0. 35 Vdc, T A = -55°C) 



20 

- 


(I c = 30 rnAdc, V CE = 0. 4 Vdc) 



30 

- 


(I c = 100 rnAdc, V CE = 1. 0 Vdc) 



20 

- 


Collector-Emitter Saturation Voltage* 
d c = 10 rnAdc, Ig = 1. 0 rnAdc) 

- 

v * 

CE(sat) 

_ 

0.20 

Vdc 

(I = 10 rnAdc, I_ =1.0 rnAdc, T A = +125‘°C) 

C B A 



- 

0.30 


(I c = 30 rnAdc, Ig = 3. 0 rnAdc) 



- 

0. 25 


d c = 100 rnAdc, Ig = 10 rnAdc) 



- 

0. 50 


Base-Emitter Saturation Voltage* 

(I c = 10 mAdc, Ig = 1. 0 rnAdc) 

- 

V * 

BE(sat) 

0. 70 

0.85 

Vdc 

(I„ = 10 rnAdc, 1=1.0 mAdc, T A = +125° C) 

C B A 



0. 59 

- 


(I c = 10 mAdc, Ig = 1.0 mAdc, T A = -55°C) 



- 

1. 02 


(1^ = 30 mAdc, Ig = 3. 0 mAdc) 



- 

1. 15 


(I c = 100 mAdc, Ig = 10 mAdc) 



- 

1.60 



DYNAMIC CHARACTERISTICS 


Cu r r ent -Gain — Bandwidth P roduc t 
(I c = 10 mAdc, V CE = 10 Vdc, f = 100 MHz) 

- 

*T 

500 

- 

MHz 

Output Capacitance 
(V CB = 5.0 Vdc, I = 0, f = 140 kHz) 

- 

£3 

O 

u 

- 

4.0 

pF 

Turn-On Time 

< v cc- 3 - ov - v BE(om = 1 - 5v - ‘c = 10 mAdc - 
I B1 = 3. 0 mAdc, Ig 2 = 1.5 mAdc) 

1 

t 

on 


12 

ns 

Turn-Off Time 

(V cc = 3.0 V, I c = 10 mAdc, I B1 = 3. 0 mAdc, 

Ig 2 =1.5 mAdc) 

2 

l off 


18 

ns 

Storage Time 

(I c = 10 mAdc, Ig! = Ig 2 = 10 mAdc) 

3 

t 

s 

- 

13 

ns 


* Pulse Test: PW = 300 us. Duty Cycle = 2.0% 


FIGURE 3 - STORAGE TIME EQUIVALENT TEST CIRCUIT 


+6.0 v-H "1 

300 ns 

DUTY CYCLE = 2.0% _ 4< 0 V 


PULSE WIDTH (t ) 


-f=\_ 

)V S S— 

0 ns-* r*- 


10 


t Total shunt capacitance of test jig and connectors 


980 
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2n2381 (GERMANIUM) 

2n2382 


CASE 31 

(TO-5) 



PNP germanium epitaxial mesa transistors for high- 
speed, high-current switching applications. 


Collector connected to case 


MAXIMUM RATINGS 


Rating 

Collector -Emitter Voltage 
Collector -Base Voltage 
Emitter -Base Voltage 
Collector Current -Continuous 

Total Device Dissipation @ 
Derate above 25°C 

Total Device Dissipation @ T^ 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 


Symbol 


2N2381 


2N2382 


Unit 


CEO 


15 


20 


Vdc 


CB 


30 


45 


Vdc 


EB 


4.0 


4.0 


Vdc 


500 


mAdc 


25°C 


D 


300 

4.0 


mW 

mW/°C 


25°C 


D 


750 

10 


mW 

mW/°C 


T T 
J’ Stg 


-65 to +100 




































2N2381, 2N2382 (Continued) 

ELECTRICAL CHARACTERISTICS <t a = 25°C unless otherwise noted) 


Characteristic 


Symbol 

Min 

Typ 

Max 

Unit 


OFF CHARACTERISTICS 


Collector -Emitter Breakdown Voltage 
(I c = 10 mAdc, I E = 0) 

2N2381 

2N2382 


bv ceo 

15 

20 

■ 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 100 /iAdc, I E = 0) 

2N2381 

2N2382 


bv cbo 

30 

45 

■ 

■ 

Vdc 

Latch -Up Voltage 

2N2381 

2N2382 

7 

lv cex 

20 

25 

■ 

■ 

Vdc 

Collector Cutoff Current 
(V CE = 30 Vdc, V BE = 0) 

2N2381 


r CES 

■ 

■ 

100 

/iAdc 

(V CE = 45 Vdc, V B£ = 0) 

2N2382 




■ 

100 


Collector Cutoff Current 
(V CB = 5 Vdc, I E = 0) 



r CBO 

. 

1.0 

7.0 

/iAdc 

(V nB = 5 Vdc, I R = 0, T A = 85°C) 




- 

- 

100 


(V CB = 20Vdc, I E = 0) 

2N2381 

2N2382 



- 

- 

25 

15 


Emitter Cutoff Current 
(V BE = 0.5 Vdc, I c = 0) 

. 


X EBO 


■ 

0. 005 

mAdc 

(V BE = 4 Vdc, I c = 0) 




1 

1 

1.0 


ON CHARACTERISTICS 

DC Current Gain 

(I c = 200 mAdc, V CE = 0. 5 Vdc) 


11 

h FE 

40 

. 


- 

(I c = 400 mAdc, V C£ =1.0 Vdc) 




25 

- 

- 


Collector -Emitter Saturation Voltage 
(1^ = 200 mAdc, I 0 = 20 mAdc) 


8,10 

V CE(sat) 

_ 

0. 25 



(I^ = 400 mAdc, Ig = 40 mAdc) 




- 

0.4 



Base -Emitter Saturation Voltage 
(I c = 200 mAdc, Ig = 20 mAdc) 


9,10 

V BE(sat) 

0. 45 

0. 54 


Vdc 

(I c = 400 mAdc, I B = 40 mAdc) 




- 

0.71 




DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I c = 20 mAdc, V CE = 10 Vdc, f = 100 MHz) 


f T 

300 

■ 

_ 

MHz 

Output Capacitance 

(V CB = 10 Vdc, I E = 0, £ = 4 MHz) 

13 

C ob 

- 


6.0 

pF 

Input Capacitance 

(V BE = 1 Vdc, I c = 0, f = 4 MHz) 

13 

C ib 

- 

8.0 

15 

PF 

Delay Time 

4 

‘d 

- 


7.0 

ns 

Rise Time 

4 

*r 

- 

8.0 

15 

ns 

Storage Time 


*s 

- 

20 

30 

ns 

Fall Time 

4 

‘f 

- 


15 

ns 

Active Region Time Constant 

1,4 

r A 

- 

1 

3.0 

ns 
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COLLECTOR CURRENT (mAdc) R, RISE TIME FACTOR (NORMALIZED t,/ T A fr) t„ NORMALIZED STORAGE TIME 


2N2381, 2N2382 (Continued) 





FIGURE 7 — COLLECTOR LATCH-UP VOLTAGE AND TEST CIRCUIT 



2N2381— V cc = -20V, R L = 40fi 

2N2382— V cc = -25V, R t = 50fi 

ADJUST V l( for +0.5 V at point A 

ADJUST base pulse for 5/xS width 

ADJUST collector pulse to reduce duty cycle 55% 

POWER SUPPLY fV n 

HP721A I 


PULSE GENERATOR 


,;i_r 


PULSE GENERATOR 
HP212A 


TECHTRONIX 541 
OR EQUIVALENT 


> 10 15 20 25 

Vc*, COLLECTOR-EMITTER VOLTAGE (VOLTS) 





2N2381, 2N2382 (Continued) 


FIGURE 8 — COLLECTOR-EMITTER SATURATION VOLTAGES 
versus BASE CURRENT 


FIGURE 9 — BASE-EMITTER VOLTAGE 
versus COLLECTOR CURRENT 



l„ BASE CURRENT (mAdc) 



10 30 50 70 100 300 500 

l c , COLLECTOR CURRENT (mAdc) 


FIGURE 10 — TEMPERATURE COEFFICIENTS FIGURE 11 — NORMALIZED GAIN CHARACTERISTICS 



50 100 200 300 400 500 

l c , COLLECTOR CURRENT (mAdc) 



10 30 50 70 100 300 500 


l Cl COLLECTOR CURRENT (mAdc) 


FIGURE 12 — LEAKAGE CHARACTERISTICS 
COMMON EMITTER 


FIGURE 13 — JUNCTION CAPACITANCE 
versus REVERSE VOLTAGE 


30 


10 

7.0 

5.0 

3.0 






— 

L = 

— 

+-85°C 




— 

V CE = 

-20V 

/ 

/ 









t 








r 

y— 


;l = 

f-55°C_ 



- 

V 

_THRES 

_VOLT 


7 



- 



HOLD _j 
AGE ' 


- Base 

_ base 

Leakage Curre 

leakage curren 

■lit. 1 bl 
t with 1 

is defir 
30th jun 

led as- 
ictions 


LL 


reverse biased. I c is always less than l IL | 


r 


base 
of CO 

IE (off) 'T- 

bias, V T is bas 
nduction.) 

voltag 

e at thr 

eshold 

J. 

i 

— 


Tj = +25°C 

1 





1.0 
-0.25 0 


0.5 


2.0 


V, E(0 ff), BASE-EMITTER REVERSE BIAS (VOLTS) 



0.4 0.5 0.7 1.0 3.0 5.0 7.0 10 20 

REVERSE BIAS (VOLTS) 
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2n2405 


For Specifications, See 2N1893 Data. 


2N 2410 (SILICON) 



NPN. silicon annular transistor designed for high- 
speed, medium-power saturated switchingapplications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEO 

30 

Vdc 

Collector- Emitter Voltage 

V CER 

40 

Vdc 

r BE = ohms 




Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voitage 

V EB 

5.0 

Vdc 

Collector Current 

ic 

800 

mAdc 

Total Device Dissipation @ T A = 25°C 

p D 

800 

mW 

Derate above 25°C 


4.57 

mW/°C 

Total Device Dissipation @ T^ = 25°C 

P D 

2.5 

Watts 

Derate above 25°C 


14.3 

mW/°C 

Operating Junction Temperature Range 

Tj 

200 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 
































2N2410 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25*C unless otherwise specified) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector- Emitter Sustaining Voltage It) 

(I c = 30 mAdc, I B = 0) 

RV 

CEO (sus) 

30 


Vdc 

Collector-Emitter Breakdown Voltage ^) 

bv cer 



Vdc 

(Ic = 30 mAdc, Rbe = 10 ohms) 

40 

— 


Collector-Base Breakdown Voltage 

bv cbo 



Vdc 

(I c = 0.1 mAdc, I E = 0) 

60 

— 


Emitter-Base Breakdown Voltage 

bv ebo 



Vdc 

(I E =0.1 mAdc, I c = 0) 

5.0 

— 


Collector-Cutoff Current 

*CES 



/xAdc 

(V CE = 30 Vdc, V BE = 0) 

— 

0.3 


(V C £ = 30 Vdc, V BE = 0, T a = 150°C) 


— 

350 


Collector Cutoff Current 

! cbo 



M.AdC 

(V CB = 30 Vdc, I E = 0) 

— 

0.3 


Emitter Cutoff Current 

!eBO 



M Vdc 

(V fiE = 4 Vdc, I c = 0) 

— 

0.3 



ON CHARACTERISTICS 


DC Current Gain O) 

(I c = 10 mAdc, V CE = 10 Vdc) 

(Ic = 150 mAdc, Vce = 1 Vdc) 

(I c = 150 mAdc, V CE = 10 Vdc) 

(I c = 500 mAdc, V CE = 10 Vdc) 

h FE 

30 

15 

30 

25 

120 

120 

100 


Collector-Emitter Saturation Voltage ^ 

V CE(sat) 



Vdc 

(I c = 150 mAdc, I B = 15 mAdc) 

— 

0.45 


(Ic = 500 mAdc, I B = 50 mAdc) 


— 

1.3 


Base-Emitter Saturation Voltage ^ 

^BE (sat) 



Vdc 

(IC = 150 mAdc, I fi = 15 mAdc) 


— 

1.2 


(I c = 500 mAdc, I B = 50 mAdc) 

1 

— 

1.6 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

f T 



MHz 

(I c = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 


200 

— 


Output Capacitance 

C ob 



pF 

(V CB = 10 Vdc, I E = 0, f = 1 MHz) 

— 

11 


Input Capacitance 

C ib 



pF 

(V BE = 0.5 Vdc, I c = 0, f = 1 MHz) 

—* 

50 


Turn-On Time (t^ + t r ) 

^on 



ns 

(I c = 150 mAdc, Figure 1) 

— 

65 


(I c = 500 mAdc, Figure 2) 


— 

65 


Turn-Off Time (t g + t f ) 

loff 



ns 

(I c = 150 mAdc, Figure 1) 

— 

55 


(Ic = 500 mAdc, Figure 2) 


— 

65 


Storage Time 

tg 



ns 

(Ic = 150 mAdc, Figure 1) 


— 

40 


Fall Time 

tf 



ns 

(IC = 150 mAdc, Figure 1) 


— 

30 



(1) Pulse Test: Pulse Width = 300 ms; Duty Cycle = 2% 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 
FIGURE 1 - lc = 150 mk FIGURE 2 - lc = 500mA 

t f 1 ns, PULSE WIDTH s* 300 ns t - 12 ns, t» ^ 12 ns, PULSE WIDTH = 1.5 ± 0.5 /as. PRR ^ 500 Hz 


INPUT 


+4.75 V 


I 2.75 V 




OSCILLOSCOPE 
t r ^ 4 ns 
R iB ^lOOkfl 

Ci„ — 12 pf 



INPUT O- 


250 

VSAA 


2-297 






2n2415 (GERMANIUM) 

2n2416 


GERMANIUM ULTRA-HIGH-FREQUENCY TRANSISTORS 


. . . for very low-noise, high-gain amplifiers, oscillators, mix- 
ers, and frequency multipliers. 


• High Maximum Frequency of Oscillation 

f m „ = 2000 MHz typ 

• Low Noise Figure 

NF = 3.0 dB max at 200 MHz (2N2415) 

• High Maximum Available Gain 

MAG = 14 dB typ at 500 MHz for 2N2415 
MAG = 12.5 dB typ at 500 MHz for 2N2416 

• High Breakdown Voltages 

BVcbo = 25 Volts typ 
BVceo = 15 Volts typ 

• Low Output Capacitance 

C ob = 0.9 pF typ 


MAXIMUM RATINGS* 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

CEO 

10 

Vdc 

Collector- Base Voltage 

V CB 

15 

Vdc 

Emitter-Base Voltage 

V EB 

0.3 

Vdc 

Collector Current 

■c 

20 

mAdc 

Total Device Dissipation @ T^ = 25°C 

P D 

75 

mW 

Derate above 25°C 


1.0 

mW/°C 


T J’ T S tg 

-65 to +100 

°C 


* The maximum rating is that value above which device operation may be impaired 
from the viewpoint of life or performance. 
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2N2415, 2N2416 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage^) 

(I c =2.0 m Adc , I Q = 0) 

bv ceo 

10 

15 

- 

Vdc 

Collector- Base Breakdown Voltage 
(I c = 100 pAdc, I E = 0) 

bv cbo 

15 

25 

- 

Vdc 

Collector Cutoff Current 
(V CB = 10 Vdc, I E = 0) 

r CBO 


1.0 

5.0 

pAdc 

Emitter Cutoff Current 
(V BE = 0. 3 Vdc, I c = 0) 

X EBO 

- 

- 

100 

/iAdc 

ON CHARACTERISTICS 

DC Current Gain 

(I r = 2. 0 mAdc, V = 6. 0 Vdc) 2N2415 

^ ^ 2N2416 

h FE 

10 

8.0 


200 

200 



DYNAMIC CHARACTERISTICS 


Current- Gain— Bandwidth Product 
(I_ =2.0 mAdc, V_„ = 6. 0 Vdc, f = 200 MHz) 2N2415 

^ 2N2416 

f T 

500 

400 

- 

- 

MHz 

Output Capacitance 

( V CB = 6. 0 Vdc, I £ = 0, f = 1. 0 MHz) 

C ob 

- 

0.9 

2.0 

pF 

Small- Signal Current Gain 

(I r = 2. 0 mAdc, V„„ = 6. 0 Vdc, f = 1. 0 kHz) 2N2415 

C 2N2416 

h fe 

15 

10 

- 

300 

300 


Collector- Base Time Constant** 

(I„ = 2. 0 mAdc, V^„ = 6. 0 Vdc, f = 79. 8 MHz) 2N2415 

** 2N2416 

r b' C c** 

~ 

- 

8.0 

10 

ps 

Noise Figure 

(V_ D = 6. 0 Vdc, I„ = 1. 5 mAdc, R c = 75 ohms, f = 200 MHz) 

CB E S 2N2415 

2N2416 

NF 

- 

2.4 

3.4 

3.0 

4.0 

dB 


FUNCTIONAL TESTS 


Maximum Available Gain# 


MAG# 




dB 

(V CB = 6 - 0 vdc > 1 e = 2 • 0 mAdc > f = 500 MHz) 

2N2415 


- 

14 

- 


2N2416 


- 

12.5 

- 



(1) Pulse Test: Pulse Width < 300 ps, Duty Cycle ^ 2.0%. 

** Direct Collector-Emitter header capacitance balanced out to give true device capability. 
# MAG calculated from f max as determined from actual amplifier circuits. 


TYPICAL MAG and NOISE FIGURE versus FREQUENCY 
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2n2453 (SILICON) 
2n2453A 



Case 654-04 
TO-78 


Dual NPN silicon transistors designed for differential 
amplifier applications. 



Pin Connections, Bottom View 
All Leads Electrically Isolated from Case 


MAXIMUM RATINGS (each side) 


Rating 

Symbol 

2N2453 

2N2453A 

Unit 

Collector-Emitter Voltage 

v 

V CEO 

30 

50 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

7. 

0 

Vdc 

Collector Current 

! c 

50 

mAdc 

Operating and Storage Junction 
Temperature Range 

T r T st g 

-65 to 

+200 

C 



One 

Side 

Both 

Sides 


Power Dissipation @T^ = 25° C 

P D 

200 

300 

mW 

Derate above 25°C 


1. 14 

1.71 

mW/°C 

Power Dissipation @T^ = 25° C 

P D 

600 

1200 

mW 

T c = 100° C 


350 

700 

mW 

Derate above 25° C 


3. 43 

6.86 

mW/°C 


ELECTRICAL CHARACTERISTICS (each side) (T A = 25 # C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage* 


BV CEO(sus)* 



Vdc 

(I = 10 mAdc, I = 0) 

2N2453 

30 

- 



2N2453A 


50 

- 


Collector-Base Breakdown Voltage 


bv cbo 



Vdc 

(I c =10 /uAdc, I E =0) 

2N2453 

60 

- 


2N2453A 


80 

- 


Emitter Base Breakdown Voltage 


bv ebo 



Vdc 

(I E = 0.1 /uAdc, I c =0) 


7.0 

- 


Collector Cutoff Current 


^BO 



/uAdc 

(V CB = 50Vdc, i E = o) 


- 

0.005 


< V CB = 50Vdc > 'E^ 0 ’ T a= 150=C > 



- 

10 


Emitter Cutoff Current 


^EBO 

1 



/uAdc 

(V BE =5.0 Vdc, I c =0) 


- 

0.002 



* Pulse Test: Pulse Width g 300 /us, Duty Cycle S 2.0%. 
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2N2453, 2N2453A (continued) 


ELECTRICAL CHARACTERISTICS (each side) (T* = 25*C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

ON CHARACTERISTICS 

DC Current Gain 
(I c = 10 juAdc, V CE = 5.0 Vdc) 

h FE 

80 

. 

- 

(I c = 10 /iAdc, V CE = 5.0 Vdc, T A = -55° C) 


40 

- 


(I c = 1. 0 mAdc, V CE = 5. 0 Vdc) 


150 

600 


(I c = 1. 0 mAdc, V CE = 5. 0 Vdc, T A = -55°C) 


75 

- 


Collector-Emitter Saturation Voltage 
(I c = 5.0 mAdc, I B = 0. 5 mAdc) 

V CE(sat) 

- 

1.0 

Vdc 

Base-Emitter Saturation Voltage 
(1^ = 5. 0 mAdc, Ig = 0. 5 mAdc) 

V BE(sat) 

- 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c = 5. 0 mAdc, V CE = 10 Vdc, f = 30 MHz) 

f T 

60 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I £ = 0, f = 140 kHz) 


- 


pF 

Input Capacitance 

(V„„ = 0. 5 Vdc, I = 0, f = 140 kHz) 


- 

10 

pF 

Input Impedance 

(I„ =1.0 mAdc, V„„ = 5.0 Vdc, f = 1.0 kHz) 



- 


Voltage Feedback Ratio 
(I c = 1.0 mAdc, V CE = 5. 0 Vdc, £ = 1.0 kHz) 




| 

Small-Signal Current Gain 
(I„ =1.0 mAdc, V^ = 5. 0 Vdc, f = 1. 0 kHz) 

L. CHj 

h, 

fe 

150 


- 

Output Admittance 

(I„ = 1.0 mAdc, V-„ = 5. 0 Vdc, f = 1. 0 kHz) 

t LUi 

h 

oe 

5.0 


mi 

__ — 1 i 

Input Impedance 

(I c =1.0 mAdc, V CB = 5.0 Vdc, f = 1. 0 kHz) 



II 

mgnjui 

Voltage Feedback Ratio 
(L, = 1.0 mAdc, V^„ =5.0 Vdc, f = 1. 0 kHz) 

L Id 

h . 
rb 

- 



Output Admittance 

(! c = 1. 0 mAdc, V CB = 5. 0 Vdc, f = 1. 0 kHz) 

h . 
ob 

- 

0.2 


Noise Figure 

(I c = 10 MAdc, V c£ = 5.0 Vdc, R g = 10 k ohms, f = 1.0 kHz) 

NF 

- 


dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio** 


h FEl /h FE2** 



_ 

(1^ = 100 /iAdc, V„ = 5. 0 Vdc) 

2N2453A 




U c =1.0 mAdc, V CE = 5. 0 Vdc) 






(I c =1.0 mAdc, V CE =5.0 Vdc, T A 

= -55° C to +125° C) 





Base Voltage Differential 


l V BEl' V BE2l 



mVdc 

(I c = 10 MAdc, V CE = 5.0 Vdc) 


- 

3.0 


(I c = 1. 0 mAdc, V CE = 5. 0 Vdc) 



- 

5.0 


Base Voltage Differential Gradient 


A ( V BEl" V BE2) 



mV/°c 

(I c = 10 MAdc, V CE = 5. 0 Vdc, T A = 

-55° C to +125° C) 



2N2453 

aT a 

- 

10 



2N2453A 



5.0 



** Lowest hpg reading is taken as h F£1 for this ratio. 
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2n2476 (SILICON) 
2n24 77 



NPN 

speed, 


MAXIMUM RATINGS 


silicon annular transistors designed for high- 
low-power saturated switching applications. 


Rating 

Symbol 

Value 

Unit 

Collector -Emitter Voltage 

v 

CEO 

20 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Total Device Dissipation @ = 25° C 

P D 

0.6 

Watt 

Derate above 25° C 


3. 4 

mW/° C 

Total Device Dissipation @ T^ = 25° C 

P D 

2.0 

Watts 

Derate above 25° C 

11.4 

mW/° C 

Operating & Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +200 

°C 


FIGURE 1 — TURN-ON TIME TEST CIRCUIT 



*Input and output waveforms monitored by means of an oscilloscope 
or other indicating device having a rise time<0. 5 ns; input capaci- 
tance of probe <2.5 pF with shunt resistance £ 1 megohm. 
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2N2476, 2N2477 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25 *C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage <1) 

bv ceo 



Vdc 

(I c = 50 mAdc, I B = 0) 

20 

- 


Collector -Base Breakdown Voltage 

bv cbo 



Vdd 

(I c = 10 uAdc, I E = 0) 

60 

- 


Emitter-Base Breakdown Voltage 

bv ebo 




(I E = 100 uAdc, I c = 0) 


- 


Collector Cutoff Current 

! cbo 




(V CB = 30 Vdc, I E = 0) 




(V CB = 30 Vdc, I E = 0, T A = 150° C) 


- 



Emitter Cutoff Current 




uAdc 

(V BE =5.0 Vdc, I c =0) 

■ 

100 



ON CHARACTERISTICS 


DC Current Gain 
(I c = 150 mAdc, V CE = 0. 4 Vdc) 

2N2476 

2N2477 

h FE 

20 

40 

- 

■ 

Collector-Emitter Saturation Voltage 
(I c = 150 mAdc, 1=7.5 mAdc) 

2N2476 

V CE(sat) 


0.4 

Vdc 

(1^ = 150 mAdc, Ig = 3. 75 mAdc) 

2N2477 


- 

0.4 


(1^ = 500 mAdc, Ig = 50 mAdc) 

2N2476 

2N2477 


- 

0. 75 

0.65 


Base-Emitter Saturation Voltage 
(I c = 150 mAdc, I B - 7.5 mAdc) 

2N2476 

V BE(sat) 


1.0 

Vdc 

(I c = 150 mAdc, I B - 3. 75 mAdc) 

2N2477 


_ 

0.95 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I c = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

250 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I £ = 0, f = 140 kHz) 

C ob 

- 

10 

pF 

Turn-On Time (Figure 1) 

(V cc = 6. 4 Vdc, I c = 150 mAdc, I = 15 mAdc) 

‘on 

- 

25 

ns 

Turn-Off Time (Figure 2) 

(V cc = 6. 4 Vdc, I c = 150 mAdc, 1^ = I B2 - 15 mAdc) 

^ff 

- 

45 

ns 

Storage Time (Figure 2) 

(I c =150 mAdc, I ^ =i b 2 = 15 m ^ dc ) 

t 

s 

- 

25 

ns 


0> 


Pulse Test: pulse width 5 400 ps. duty cycle ? 3 %. 

FIGURE 2 - TURN-OFF TIME TEST CIRCUIT 

°TVio% 



out 


Ln _iJ-^fc22Z° 

-^2 nsU- 


PW >150 ns 
D.C.< 2% 


17.7V 


j (max) 


l 


v!W^T* 6 - 4v 

out / , 


'•T-TJ 


Off 


♦Input and output waveforms monitored by means of an oscilloscope 
or other indicating device. having a rise time<0. 5 ns; input capaci- 
tance of probe <2.5 pF with shunt resistance £ 1 megohm. 
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2n2480, A 


For Specifications, See 2N2060 Data. 


2n2481 (SILICON) 

2N248I JAIM, JTX AVAILABLE 


CASE 22 

(TO-18) 



Collector connected to case 


NPN silicon annular transistor for high-speed switch- 
ing applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

40 

Vdc 

Collector- Emitter Voltage 

V CEO 

15 

Vdc 

Emitter- Base Voltage 

V EB 

5.0 

Vdc 

Total Device Dissipation 
@ 25°C Ambient Temperature 
(Derate 2.06 mW/°C above 25°C) 

P D 

0.36 

Watt 

Total Device Dissipation 
@ 25°C Case Temperature 
(Derate 6.9 mW/°C above 25°C) 

P D 

1.2 

Watts 

Junction Temperature 

Tj 

200 

°C 

Storage Temperature 

T stg 

-65 to+ 200 

°c 
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2N2481 (Continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector-Base Breakdown Voltage 

bv cbo 


P| 

Vdc 

(Ic = 10 (iAdc, I E = 0) 

40 



Emitter- Base Breakdown Voltage 

bv ebo 


B 

Vdc 

(I E = 100 ji Adc, Ic = 0) 

5.0 



Collector- Emitter Breakdown Voltage* 

bv ceo 


■ 

Vdc 

(Ic = 30 mAdc, Ig = 0) 

15 

i 


Collector- Emitter Breakdown Voltage 

bv ces 


i 

Vdc 

(I c = 1.0 pAdc, V BE = 0) 

30 

Hi 


Collector Leakage Current 

*CEX 

■ 


/iAdc 

(V CE = 20 Vdc, V BE = 3 Vdc) 


0.050 


(V CE = 20 Vdc, V BE = 3 Vdc, T A = 150°C) 



15 


Base Leakage Current 

X BL 

■ I 


nAdc 

(V CE = 20 Vdc, V BE = 3 Vdc) 

El 

50 


Emitter Cutoff Current 

JEBO 

Hi 


nAdc 

(V EB = 4.0 Vdc, ic = 0) 


o 

o 


DC Forward Current Transfer Ratio 

h FE 


■ 


(I c = l.o mAdc, V CE = 1.0 Vdc) 

25 

hL.wH 

B 

(I c = 10 mAdc, V CE = 1.0 Vdc)* 


40 


BE 

(I C = 10 mAdc, V CE = 1.0 Vdc, T A = -55°C) <« 


20 

19 

B 

(I c = 150 mAdc, V CE = 1.0 Vdc) in 


20 

B 

jUPWB 

Collector- Emitter Saturation Voltage 

V CE (sat) 

am 

B 

Vdc 

(Ic = 10 mAdc, Ig = 1.0 mAdc) 



(Ic = 100 mAdc, I B = 10 mAdc) 111 


1 

B 


Base- Emitter Saturation Voltage 

V BE (sat) 


B 

Vdc 

(Ic - 10 mAdc, Ig =1.0 mAdc) 

0.7 

■a 


(I c = 100 mAdc, I B = 10 mAdc) (1 > 


--- 

IB 


Output Capacitance 

c ob 

II 


pF 

(V CB = 5 V, Ic = 0, f = 1 MHz) 

^1 

5.0 


Input Capacitance 

Cib 

— 


pF 

(V EB = 0.5 V, f = 1 MHz) 

B 

7.0 


Small-Signal Forward Current Transfer Ratio 

h fe 



... 

< V CE * 10 V, Ig ■ 10 mA, f = 100 MHz) 

3.0 

— 


Small-Signal, Short- Circuit, Input Impedance 

Re(h ie ) 

Hi 


ohms 

(Real part) 

(I c = 10 mA, V CE = 10 V, f = 250 MHz) 

■ 

60 



Turn-On Time 

*on 

B 

B 

ns 

(Ic = 100 mA, I B1 = 10 mA, V BE / of{ v = 2 V) 


SB 


(IC = 10 mA, Ibi = 1.0 mA, V B£ | off) ' = 2 V) 


BBH 

mm 


Turn-Off Time 

‘off 

H 


ns 

(Ic = 100 mA, I B i = IQ mA, I B 2 = 5 mA) 


55 


(Ic = 10 mA, I B1 =1.0 mA, I B2 = 0.5 mA) 


HBH 

45 


Storage Time 

‘s 

Hi 


ns 

(Ic = 10 mA, I B i = 10 mA, I B2 = 10 mA) 

D 

20 



Pulse width — 300 /is. Duty Cycle ±= 2% 
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CURRENT GAIN V CE , MAXIMUM COLLECTOR-EMITTER VOLTAGE (Vdc) 


2N2481 (Continued) 


COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

l B . BASE CURRENT (mA) 


MINIMUM CURRENT GAIN CHARACTERISTICS 



LIMITS OF SATURATION VOLTAGES TYPICAL TEMPERATURE COEFFICIENTS 
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CAPACITANCE ( pF) V, STORAGE TIME (ns) 


2N2481 (Continued) 


TYPICAL SWITCHING CHARACTERISTICS 


TURN-ON TIME VARIATIONS WITH VOLTAGE 




hiiiiii 








t,@V cc — 10 Vdc 


■■■HIM 

NKSSUIBlI 




RISE TIME BEHAVIOR 


101 


KM 


■■IliiSB^HSSSSISSI 


lissiiiill 


5.0 7.0 10 20 30 50 70 100 200 

l c , COLLECTOR CURRENT (mA) 


1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

l c , COLLECTOR CURRENT (mA) 


STORAGE TIME BEHAVIOR 


IIIKW 


2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

lc, COLLECTOR CURRENT (mA) 


FALL TIME BEHAVIOR 








1.0 2.0 30 5.0 7.0 10 20 30 50 70 100 

l c , COLLECTOR CURRENT (mA) 


JUNCTION CAPACITANCE VARIATIONS 


nnp^iMBB 

■iBSMHMI 


iiS!! 


MAXIMUM CHARGE DATA 


■— ■■■ — —L.M 


0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 
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l c , COLLECTOR CURRENT (mA) 







2n2490 thru 2N2493 (GERMANIUM) 


CASE 5 

(TO-36) 



PNP germanium power transistors for general 
purpose power and switching applications. 



MAXIMUM RATINGS 


Rating 


Collector-Base Voltage 


Collector- Emitter Voltage 


Emitter -Base Voltage 


Collector Current 


Power Dissipation at Tq = 25 C 


Junction Temperature Range 


Symbol 

2N2490 

2N2491 

2N2492 

2N2493 

V CB 

70 

60 

80 

100 

V CES 

60 

50 

70 

85 

V EB 

40 

30 

60 

80 


15 


170 


-65 to +110 


ELECTRICAL CHARACTERISTICS (Tc = 25‘C unless otherwise noted) 


[ Characteristic 

Collector -Base Cutoff Current 


(V Cb =-2 Vdc) 


Emitter -Base Cutoff Current 


(Veb = -40 Vdc) 

2N2490 

(V EB = -30 Vdc) 

2N2491 

(V EB = -60 Vdc) 

2N2492 

(veb = -80 vdc) 

2N2493 

Collector Cutoff Current 


(V CE = -70 Vdc, V BE = 1. 5 Vdc) 

2N2490 

(V CE = -60 Vdc, V RF = 1.5 Vdc) 

2N2491 

( V CE = “ 80 Vdc, V BE = 1.5 Vdc) 

2N2492 

(V CE = -100 Vdc, V BE =1.5 Vdc) 

2N2493 

(V CE = -35 Vdc, V BE = 1. 5 Vdc,T c = +100°C) 

2N2490,2N2491 

(V CE = -40 Vdc, V BE = 1. 5 Vdc,T c = +100°C) 

2N2492 

(V CE = -50 Vdc, V BE =1.5 Vdc,T c = +100°C) 

2N2493 

Collector -Emitter Breakdown Voltage 


(I C " 1 A, % = 0) 

2N2490 

2N2491 

2N2492 

2N2493 

Base -Emitter Voltage 


(I c = 5 Adc, V CE = -2 Vdc) 

(I c = 12 Adc, V CE = -2 Vdc) 

2N2490,2N2491 

2N2492,2N2493 

Collector -Emitter Saturation Voltage 


(I C = 12 Adc, I B = 2 Adc) 

2N2490, 2N2491 
2N2492, 2N2493 

DC Current Gain 


(I c = 1 Adc, V CE = -2 Vdc) 

2N2490 

2N2491 

2N2492, 2N2493 

(Iq = 5 Adc, Vq E = -2 Vdc) 

2N2490 

2N2491 

(I c = 5 Adc, V CE = -2 Vdc, T A = -65°C) 

2N2492, 2N2493 
2N2490 


2N2491 

2N2492, 2N2493 

(I c = 12 Adc, V CE = -2 Vdc) 

2N2490 

2N2491 

2N2492, 2N2493 

Common Emitter Cutoff Frequency 


(I c = 5A, V CE = -6 V) 


Turn-On Time 


(I c = 5 A, I B j = I B 2 = 0. 5 A) 


Turn-Off Time 


(IC = 5 A, I B i = I B 2 = 0. 5 A) 
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2N2501 (SILICON) 



Collector connected to case 


NPN silicon annular transistor for high-speed switch- 
ing applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector -Base Voltage 

V CB 

40 

Vdc 

Collector-Emitter Voltage 

V CEO 

20 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Total Device Dissipation @ 

25 °C Ambient Temperature 
(Derate 2. 06 mW/ # C above 25°C) 

P D 

0.36 

Watts 

Junction Temperature 

T J 

+200 

# C 

Storage Temperature 

T stg 

-65 to + 200 

°c 

Total Device Dissipation @ 

25°C Case Temperature 
(Derate 6. 9 mW/°C above 25 °C) 

P D 

1.2 

Watts 


TOTAL CONTROL CHARGE 


NORMALIZED CURRENT GAIN CHARACTERISTICS 



0.2 1 10 
l„ BASE CURRENT (mAdc) 



l c . COLLECTOR CURRENT (mAdc) 
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, COLLECTOR VOLTAGE (VOLTS) 


2N2501 (Continued) 

ELECTRICAL CHARACTERISTICS < t a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector-Base Breakdown Voltage 

bv cbo 



Vdc 

(I c = 10 /iAdc, I E = 0) 

40 



Collector-Emitter Breakdown Voltage 

bv ceo 



Vdc 

(I c = 30 mAdc, I B = 0, Pulsed) 

20 

— 


Emitter -Base Breakdown Voltage 

bv ebo 



Vdc 

(I E = 10 /iAdc, Ic = 0) 

6,0 

- 


Collector Leakage Current 

! cex 



nAdc 

(V CE = 20 Vdc, V BE = 3 Vdc) 

— 

25 


Base Leakage Current 

t bl 



/iAdc 

(V CE = 20 Vdc, V BE = 3 Vdc) 

- 

0.025 

(V CE = 20 Vdc, V BE = 3 Vdc, T A = 150°C) 


— 

50 

/iAdc 

DC Forward Current Transfer Ratio* 

1 



- 

(I c = 100 /iAdc, V CE = 1 Vdc) 

20 

- 


(I c = 1 mAdc, V CE - 1 Vdc) 


30 

— 


(I c - 10 mAdc, V CE = 1 Vdc) 


50 

150 


(I c - 10 mAdc, V CE = 1 Vdc, T A = -55" C) 


20 

— 


(I c = 50 mAdc, V CE = 1 Vdc) 

■ 

40 

— 


(I c = 100 mAdc, V CE - 1 Vdc) 

II 

30 

— 


(I c = 500 mAdc, V CE - 5 Vdc) 


10 

- 


Collector-Emitter Saturation Vpltage* 

v CE(sat) 



Vdc 

(Ic = 10 mAdc, I B = 1 mAdc) 

— 

0. 2 


(Ic = 50 mAdc, I B = 5 mAdc) 


— 

0.3 


(Ic = 100 mAdc, I B = 10 mAdc) 


— 

0.4 


Base-Emitter Saturation Voltage* 

V BE(sat) 



Vdc 

(Iq = 10 mAdc, I B = 1 mAdc) 

- 

0.85 


(I c = 50 mAdc, I B = 5 mAdc) 


— 

1.0 


(Ic = 100 mAdc, I B = 10 mAdc) 


— 

1. 2 


Output Capacitance 

C ob 



pF 

( V CB = 10 Vdc, I E = 0, f = 100 kHz) 

— 

4.0 

Input Capacitance 

c ib 



pF 

( v EB = °- 5 Vdc > k = °» f = 100 kHz) 

- 

7.0 

Small Signal Forward Current Transfer Ratio 

h fe 

| 


- 

(V CE - 20 Vdc, I c = 10 mAdc, f = 100 MHz) 


- 


Current-Gain-Bandwidth Product 

f T 



MHz 

(V CE = 20 Vdc, I c = 10 mAdc) 


350 

- 


Charge Storage Time Constant 

T s 



ns 

(Iq — Igj ~ I B 2 = 10 mAdc) 


- 

15 


Total Control Charge 

q t 



pC 

(Iq = 10 mAdc, I B = 1 mAdc) 


- 

60 

Active Region Time Constant 

r A 



ns 

(I c = 10 mAdc) 


— 




*Pulse Test: Pulse width = 300 /is, duty cycle = 2% 



0.01 0.1 1 10 100 

l Bl BASE CURRENT (mAdc) 
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, ACTIVE REGION TIME CONSTANT (ns) 


2N250T (Continued) 






COLLECTOR CURRENT (AMP) 


2N2526 (GERMANIUM) PNIP germanium power transistors for high-voltage 

power switching applications. 

2n 2527 r - ^ — ^ 

ntOQ CASE 11 A CASE 4-04 

2NaDxO FT • (TO-3 modified) jl % (TO-41) 


MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 
Collector-Base 
Emitter-Base Voltage 
Collector Current - Continuous 
Base Current 


CASE 4-04 
(TO-41) 


For units with solder lugs attached, specify 
devices MP2526 etc. (TO-41 package) 


Symbol 

v_ 


2N2526 

80 

80 


2N2527 

120 

120 

5.0 

10 

5.0 


2N2528 

160 

160 


Emitter Reverse Current 
(Surge 60 Hz Recurrent) 

Total Device Dissipation (5 = 25° C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 


T t’ T , 

J Stg 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

6 JC 

1.0 

°c/w 


POWER-TEMPERATURE DERATING CURVE 

The maximum continuous power is related to 
maximum junction temperature by the thermal 
resistance factor. This curve has a value of 85 
watts at a case temperature of 25°C and is 0 
watts at 110°C with a linear relation between 
the two temperatures such that: 

Allowable P 0 = — Watts 



r 85 WATTS MAXIMUM [ 











25 50 75 100 

T c , CASE TEMPERATURE (°C) 


2N2526 


SAFE OPERATING AREAS 
2N2527 






■Aitvan 

MgS MI 


10 20 30 40 50 60 70 80 90 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 


I 85-WATT 

_. I POWER DISSIPATION AT 
01 F25°C CASE TEMPERATURE = 


0 10 20 30 40 50 60 70 80 90 100 110 120130 
COLLECTOR-EMITTER VOLTAGE (VOLTS). 


b 85-WATT 

POWER DISSIPATION AT - 
25°C CASE TEMPERATURE - 


a0 40 60 80 100 120 140 160 180 

COLLECTOR-BETTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Ic — 
Vcb limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 


(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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2N2526 thru 2N2528 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage* 


RV * 

CEO(sus) 




Volts 

(I_ = 100 mAdc, I 0 = 0) 

2N2526 

80 

- 

- 



2N2527 


120 

- 

- 



2N2528 


160 

- 

- 


Emitter-Base Breakdown Voltage 


bv ebo 




Vdc 

(I = 50 mAdc, I = 0) 

hi C 


5.0 

" 

- 


Collector Cutoff Current* 


*CEX * 




mAdc 

(V CE = 80 Vdc, V BE(o{£) = 0. 2 Vdc, T( , = 100' C) 

2N2526 

- 


35 


<V CE = 120 Vdc, V BE(off) - 0. 2 Vdc, T c = 100' C) 

2N2527 


- 

- 

35 


(V CE = 160 Vdc, V BE(of£) - 0. 2 Vdc, T c = 100' C) 

2N2528 




35 


Collector-Emitter Cutoff Current 


*CER 




mAdc 

( V CE = 80 VdC ’ R BE = 100 ohms ) 

2N2526 

- 

- 

25 


= 120 Vdc, R__ = 100 ohms) 

Kshj DEj 

2N2527 


- 

- 

25 


(V„„ = 160 Vdc, R = 100 ohms) 

Lli DEj 

2N2528 


- 

- 

25 


Collector Cutoff Current 


^BO 




mAdc 

(V C B = 8° v dc, I E =0) 

2N2526 

- 


3.0 


(V CB = 120 Vdc, I E = 0) 

2N2527 


- 

- 

3.0 


(V CB = 160 Vdc, I E = 0) 

2N2528 


- 

- 

3.0 


(V CB = 2.0 Vdc, I E =0) 



- 

- 

150 

/lAdc 


ON CHARACTERISTICS 


DC Current Gain 
(I„ = 3.0 Adc, V— = 2.0 Vdc) 

C V^Ej 

h FE 

20 

- 

50 

- 

DC Transconductance 
(I c = 3. 0 Adc, V CE =2.0 Vdc) 

g FE 

4.0 

6.0 

- 

mhos 

Collector -Emitter Saturation Voltage 
(I_ = 10 Adc, I_ = 1. 0 Adc) 

C D 

V CE(sat) 

- 

0. 5 

0.8 

Vdc 

Base-Emitter Saturation Voltage 
(I 0 = 10 Adc, I„ = 1.0 Adc) 

V D 

V BE(sat) 

- 

0.8 

1. 2 

Vdc 


DYNAMIC CHARACTERISTICS 


Small -Signal Current Gain 
(L, = 0. 5 Adc, V p „ = 12 Vdc, f = 30 kHz) 

C EiIj 

h, 

fe 

10 

15 

- 

- 

Rise Time 

t 

r 

- 

5. 5 

- 

[IS 

Storage Time 

t 

s 

- 

1. 2 

- 

JUS 

Fall Time 


- 

2. 0 

- 

JUS 


*To avoid excessive heating of collector junction, perform this test with a sweep method. 

TYPICAL INPUT CHARACTERISTICS 

COLLECTOR CURRENT versus BASE CURRENT ALL TYPES COLLECTOR CURRENT versus DRIVE VOLTAGE 



l 8 , BASE CURRENT (mA) 



0 0.5 1.0 1.5 

V BE . BASE-EMITTER VOLTAGE (VOLTS) 
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2n2537 thru 2N2540 (SILICON) 



NPN silicon annular Star transistors for high-speed 
switching. 


CASE 22 CASE 31 

(TO-18) (TO-5) 

2N2539 2N2537 

2N2540 2N2538 

Collector connected to case 


MAXIMUM RATINGS 


Rating 


Collector -Base Voltage 


Collector -Emitter Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Total Device Dissipation 
25 °C Case Temperature 
Derate above 25° C 


Total Device Dissipation 
25° C Ambient Temperature 
Derate above 25° C 


Junction Temperature 


Storage Temperature 


Symbol 


2N2537 2N2539 

2N2538 2N2540 



TOTAL CONTROL CHARGE TEST CIRCUIT 


TO OSCILLOSCOPE 
RISE TIME ^ 5 ns 
Z in = 10 Mn 



♦ADJUST INPUT FOR 0 TO +8.3V 
PULSE AT POINT "A” 

TRANSITION TIME ^ 2 ns 


Output Waveform 


ACTIVE REGION TIME CONSTANT TEST CIRCUIT 

I 8.3V +15.2 Vdc GROUND PLANES 


INPUT TRANSITION 
TIME -= 2 ns O- 
IMPEDANCE = 50fi 
OUTPUT 


J. 

50mV max 

T 



TO OSCILLOSCOPE 
RISE TIME ^ 5 ns 
Z in = 10 Mn 


tr = T a 0fR = 10 to 90% Rise Time 
tr = Ta/ 3 c F = 10 to 90% Fall Time 
R = 0o In / 0o \ 

0f \ fio — 0.9/3f ) 


F = 0o in /I 4-M 
0c \ 0c) 


0o — hFt at Edge of Saturation 

0c = Ic in Saturation / Is? (Base “OFF" Current) 

0f = Ic in Saturation / In (Base “ON" Current) 
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2N2537 thru 2N2540 (continued) 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



m Pulse Test: Pulse width = 300 jus, duty cycle = 2% 

SWITCHING CHARACTERISTICS 
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2n2552 thru 2n2559 

For Specifications, See 2N1038 Data. 


2n 2560 thru 2 n2567 

For Specifications, See 2N1042 Data. 


2n2573 thru 2n2579 (SILICON) 



Industrial-type, silicon controlled rectifiers in a 
"diamond" package for applications requiring a high 
surge -current rating or low thermal resistance. 


CASE 61 CASE 54 

(TO-41) (TO-3 Modified) 


For units with pins (TO-3 Modified) specify devices MCR649AP-1(2N2573) thru MCR649AP-7(2N2579). 


MAXIMUM RATINGS (Tj = 125°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage* 

v RSM(rep)* 


Volts 

2N2573 

25 


2N2574 


50 


2N2575 


100 


2N2576 


200 


2N2577 


300 


2N2578 


400 


2N2579 


500 


Forward Current RMS (all conduction angles) 

•tcrms) 

25 

Amp 

Circuit Fusing Considerations 

I 2 t 


A^s 

(Tj = -65° to +125°C, t ^ 8.3 ms) 


275 


Peak Surge Current 

ItSM 


Amp 

(One Cycle, 60 Hz, Tj = -65 to +125°C) 


260 


Peak Gate Power - Forward 

P GM 

5.0 

Watts 

Average Gate Power - Forward 

p G(AV) 

0.5 

Watt 

Peak Gate Current - Forward 

*GM 

2.0 

Amp 

Peak Gate Voltage - Forward 

V GFM 

10 

Volts 

Reverse 

V GRM 

5.0 


Operating Junction Temperature Range 

T J 

-65 to +125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 


*VRSMt° r types can be applied on a continuous dc basis without incurring damage. 


VrSM Ratings apply for zero or negative gate voltage. 


2-317 













































2N2573 thru 2N2579 (continued) 


ELECTRICAL CHARACTERISTICS <T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Units 

Peak Forward Blocking Voltage* 

v drm* 




Volts 

(Tj = 125°C) 2N2573 

25 

— 

— 


2N2574 


50 

— 

— 


2N2575 


100 




2N2576 


200 




2N2577 


300 




2N2578 


400 




2N2579 


500 

E 

I 


Peak Forward Blocking Current 

J DRM 

mm 



mA 

(Rated V DRM with gate open, Tj = 125°C) 

B 

0.6 

5.0 


Peak Reverse Blocking Current 

r RRM 




mA 

(Rated V RSM , Tj = 125°C) 

1 

0.6 

5.0 


Gate Trigger Current (Continuous dc) 


■i 



mA 

(Anode Voltage = 7 Vdc, R L = 100 Q) 

D 

20 

40 


Gate Trigger Voltage (Continuous dc) 

V GT 




Volts 

(Anode Voltage = 7 Vdc, R L = 100 12) 

— 

1.0 

3.5 


( V DRM = RatedjR L = lOOSl, Tj = 125°C) 

V GNT 

0.3 

— 

3.5 


Forward On Voltage 

V T 

■ 

mm 

HI 

Volts 

(I T = 20 Adc) 

H 

1 

B 


Holding Current 

IH 

■ 


i 

mA 

(Anode Voltage = 7 Vdc, Gate Open) 

B 

20 

B 


Turn-On Time (t^ + t r ) 

(Igt= 50 mA, Ij = 10A) 


B 

1.0 

B 

qs 

Turn-Off Time 

tq 




MS 

(I T = 10 A, I R = 10 A, dv/dt = 20 V/ms, Tj = 125°C) 
(Vdrm = rated voltage) 


H 

30 

i 


Forward Voltage Application Rate 

dv/dt 

■ 


■ 

V/ms 

(Gate Open, Tj = 125°C) 


R 

30 

B 


Thermal Resistance (Junction to Case) 

6 JC 


1.0 

m 

o 

O 


*VdrM for types can be applied on a continuous dc basis without incurring damage. 


Vdrm ratings apply for zero or negative gate voltage. 
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0JC, TRANSIENT THERMAL RESISTANCE (°C/W) T c , CASE TEMPERATURE (°C) PEAK HALF SINE WAVE FORWARD CURRENT (AMP) 


2N2573 thru 2N2579 (continued) 


MAXIMUM ALLOWABLE NON RECURRENT 
SURGE CURRENT 



CYCLES AT 60 Hz 


MAXIMUM ALLOWABLE 
FORWARD GATE 



(Tj = 25°C —ANODE @ 6 VOLTS) 


MAXIMUM ALLOWABLE CASE TEMPERATURE 


LOW CURRENT LEVEL 



MAXIMUM TRANSIENT THERMAL RESISTANCE 

JUNCTION TO CASE POWER DERATING CURVE 




t, TIME (s) 


T A( AMBIENT TEMPERATURE (°C) 
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2n2635 (GERMANIUM) 



Collector connected to case 


PNP germanium epitaxial mesa transistor for high- 
speed switching applications. 


MAXIMUM RATINGS <T A = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

30 

Vdc 

Collector- Emitter Voltage 

V CEO 

15 

Vdc 

Emitter-Base Voltage 

V EB 

2.5 

Vdc 

Collector Current (Continuous) 

l C 

100 

mAdc 

Junction Temperature 

Tj 

+100 

o 

O 

Storage Temperature 

T stg 

-65 to +100 

°C 

Device Dissipation @ 25°C 

P D 

150 

mW 

Ambient Temperature 
(Derate 2mW/°C above 25°C) 


2.0 

mW/°C 


SWITCHING TIME TEST CIRCUIT 


INPUT WAVEFORM: 
t f = t, ^ 1 ns 
PW5-0.5 m s 
DUTY CYCLE 50% 




SCOPE 
t r -£ 3.5 ns 
R IN ^100Kfi 
Cin ~ 3 pF 
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2N2635 (Continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25 °C unless otherwise noted) 
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2n2639 thru 2n2644 (SILICON) 


Dual NPN silicon annular transistors designed for 
low-level, low -noise differential amplifier applications. 
Can be used in complementary circuits with 2N3806 
series or 2N2802 series, for TO-89 flat packages see 
2N3043-2N3048 series. 



Case 654-04 
TO-78 



Pin Connections, Bottom View 


MAXIMUM RATINGS (T/\ = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector -Emitter Voltage 

v 

v CEO 

45 

Vdc 

Collector -Base Voltage 

V CB 

45 

Vdc 

Emitter-Base Voltage 

V EB 

5 

0 

Vdc 

Collector Current 

x c 

30 

mAdc 

Operating and Storage Junction 

T T 

fr* -l.9 nn 

°c 

Temperature Range 

J’ Stg 






One 

Both 




Side 

Sides 


Total Device Dissipation @ T A = 25° C 

P D 



mW 

Derate above 25° C 




mW/'C 

Total Device Dissipation @ T c = 25° C 

P D 

600 

1200 

mW 

Derate above 25° C 


3.43 

6. 87 

mW/°C 
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2N2639 thru 2N2644 (continued) 


ELECTRICAL CHARACTERISTICS (each side) (T^ = 25 °c unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector- Emitter Sustaining Voltage 
(I c * 10 mAdc, Ig = 0) 

BV CEO(sus) 

45 

_ 

Vdc 

Collector -Emitter Cutoff Current 

! ceo 



/iAdc 

( V CE = 5 Vdc » ^ = 0) 

— 

0.010 

Collector Cutoff Current 

J CBO 



juAdc 

(V CB = 45 Vdc, I £ = 0) 

— 

0.010 

( V Cb = 45 Vdc » l E = °» T A = +150 ° C ) 



10 


Emitter -Base Cutoff Current 

l 



MAdc 

(V EB = 5 Vdc » l C = 0) 

EBO 

— 

0.010 


ON CHARACTERISTICS 


DC Current Gain 1 1 ) 


h FE 





(I c = 10 M Adc, V CE = 5 Vdc) 

2N2639, 2N2640, 2N2641 

50 

300 


2N2642, 2N2643, 2N2644 


100 

300 


(I c = 10 M Adc, V CE = 5 Vdc, T A = -55°C) 

2N2639, 2N2640, 2N2641 


10 




2N2642, 2N2643, 2N2644 


20 

— 


(I c = 100 MAdc, V CE = 5 Vdc) 

2N2639, 2N2640, 2N2641 


55 




2N2642, 2N2643, 2N2644 


110 

— 


(I c = 1 mAdc, V CE = 5 Vdc) 

2N2639, 2N2640, 2N2641 


65 




2N2642, 2N2643, 2N2644 


130 

— 


Collector-Emitter Saturation Voltage ^ 


V CE(sat) 



Vdc 

(1^ = 10 mAdc, Ig = 0. 5 mAdc) 


— 

1.0 


Base-Emitter Saturation Voltage'll 


V BE(sat) 



Vdc 

(I c = 10 mAdc, Ig = 0. 5 mAdc) 


0.6 

1.0 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c = 1 mAdc, V CE = 5 Vdc, f = 20 MHz) 

f T 

35 



MHz 

Output Capacitance 
(V CB = 5 Vdc, I E = 0, f = 1 MHz) 

C ob 

— 

8.0 

pF 

Input Impedance 

(I c = 1 mAdc, V CB = 5 Vdc, f = 1 kHz) 

h ib 

25’ 

32 

K ohms 

Reverse Voltage Transfer Ratio 
(I c = 1 mAdc, V CB = 5 Vdc, f = 1 kHz) 

h rb 

— 

600 

X 10-6 

Small -Signal Current Gain 

(I r = 1 mAdc, Vp = 5 Vdc, f = 1 kHz) 2N2639, 2N2640, 2N2641 

2N2642, 2N2643, 2N2644 

h fe 

65 

130 

600 

600 

— 

Output Admittance 

(I c = 1 mAdc, V CB = 5 Vdc, f = 1 kHz) 

h ob 

— 

1.0 

Mmhos 

Noise Figure 

(I c = 10 MAdc, V CB = 5 Vdc, 

Rg = 10k ohms, Bandwidth = 10 Hz to 15 kHz) 

NF 


4.0 

dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio** 


h FEl /h FE2** 





(I c = 10 M Adc, V CE = 5 Vdc) 

2N2639, 2N2642 

0.9 

1.0 


2N2640, 2N2643 


0.8 

1.0 


Base Voltage Differential 


i V BEl " V BE2i 



mVdc 

(I c = 10 MAdc, V CE = 5 Vdc) 

2N2639, 2N2642 

— 

5.0 


2N2640, 2N2643 


— 

10 


Base Voltage Differential Temperature Gradient 
(I c = 10 MAdc, V CE = 5 Vdc, T A = -55 to +125°C) 

2N2639, 2N2642 

A I V BE1 ‘ V BE2l 


10 

mV/°c 

4T a 



2N2640, 2N2643 

— 

20 



(1) Pulse Test: Pulse Width = 300 /is; Duty Cycle ^ 2% 
**The lowest h FE reading is taken as h FE1 for this test. 
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2n2646 (SILICON) 
2n2647 



Silicon annular PN unijunction transistors designed 
for use in pulse and timing circuits, sensing circuits 
and thyristor trigger circuits. 


CASE 22 A 

(TO-1 8 Modified) 

(Lead 3 connected to case) 


MAXIMUM RATINGS (T a = 25 °C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

RMS Power Dissipation* 

Pd 

300* 

mW 

RMS Emitter Current 

h 

50 

mA 

Peak Pulse Emitter Current** 

wm 

2.0 ** 

Amp 

Emitter Reverse Voltage 

V B2E 

30 

Volts 

Interbase Voltage 

V B2B1 

35 

Volts 

Operating Junction Temperature Range 

Tj 


o 

O 

Storage Temperature Range 

T stg 

-65 to +150 

°c 


♦ Derate 3.0 mW/°C increase in ambient temperature. The total power dissipation 
(available power to Emitter and Base-Two) must be limited by the external 
circuitry. 

** Capacitor discharge — 10 jxF or less, 30 volts or less. 
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2N2646, 2N2647 (continued) 


ELECTRICAL CHARACTERISTICS (T» = 25*C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Intrinsic Standoff Ratio 


V 





(V B 2B1 = 10 V) (Note 1) 

2N2646 


0.56 



0.75 



2N2647 


0.68 

— 

0.82 


Interbase Resistance 


r bb 




K ohms 

(V B 2B1 = 3 V, I E = 0) 


4.7 

7.0 

9. 1 

Interbase Resistance Temperature Coefficient 






V°c 

< V B2B1 = 3 V, I E = 0, T A = -55°C to +125°C) 


BB 

0. 1 

— 

0.9 

Emitter Saturation Voltage 


v EBl(sat) 




Volt a 

(V B 2B1 = 10 V, I E = 50 mA) (Note 2) 



3.5 



Modulated Interbase Current 


I B2(mod) 




mA 

< V B2B1 = 10 V, I E = 50 mA) 


— 

15 

— 

Emitter Reverse Current 


J EO 




liA 

(V B 2E = 30 V, I B1 = 0) 

2N2646 



0.005 

12 


2N2647 


— 

0.005 

0.2 


Peak Point Emitter Current 


Ip 




mA 

< V B2B1 = 25 v > 

2N2646 




1.0 

5.0 

2N2647 


— 

1.0 

2.0 


Valley Point Current 


I v 




mA 

(V B 2B1 = 20 V, R b2 = 100 ohms) (Note 2) 

2N2646 


4.0 

6.0 




2N2647 


8.0 

10 

18 


Base-One Peak Pulse Voltage 


V OBl 




Volts 

(Note 3 , Figure 3) 

2N2646 

3.0 

5.0 




2N2647 


6.0 

7.0 

— 



NOTES 


1. Intrinsic standoff ratio, 

Vjs defined by equation: 

V B2B1 

Where V p - Peak Point Emitter Voltage 
V B2 bi = Interbase Voltage 
V(ebj) = Emitter to Base-One Junction Diode Drop 
(-0.5 V @ 10 juA) 


2. Use pulse techniques: PW — 300 jus duty cycle —2% to avoid 
internal heating due to interbase modulation which may result in 
erroneous readings. 

3. Base-One Peak Pulse Voltage is measured in circuit of Figure 3. 
This specification is used to ensure minimum pulse amplitude for 
applications in SCR firing circuits and other types of pulse circuits. 


FIGURE 1 - UNIJUNCTION TRANSISTOR SYMBOL FIGURE 2 - STATIC EMITTER CHARACTERISTIC 
AND NOMENCLATURE CURVES 

(Exaggerated to Show Details) 


FIGURE 3 — V OBI TEST CIRCUIT 

(Typical Relaxation Oscillator) 


v £ 
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2n2652 (SILICON) 
2n2652A 


Dual NPN silicon transistors for use as a differen- 
tial amplifier. 



Case 654-04 
TO-78 



Pin Connections, Bottom View 


All Leads Electrically Isolated from Case 


MAXIMUM RATINGS (each side) 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

CEO 

60 

Vdc 

Collector-Base Voltage 

V CB 

100 

Vdc 

Emitter -Base Voltage 

V EB 

7.0 

Vdc 

Collector Current 

x c 

500 

mAdc 

Operating Junction Temperature Range 

T J 

-65 to +200 

0 C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 



One 

Both 




Side 

Sides 


Total Device Dissipation @ T^ = 25° C 

P D 

0. 3 

0.6 

Watt 

Derate above 25° C 


1. 72 

3.43 

mW/°C 

Total Device Dissipation @ T^, = 25° C 

P D 


2.0 

Watts 

T c = 100°C 



1.14 

Watt 

Derate above 25° C 


Q3I 

11.4 

mW/°C 
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2N2652, 2N2652A (continued) 


ELECTRICAL CHARACTERISTICS (each side) (T A = 25*C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 0) 

(I„ = 20 mAdc, I D = 0) 

U D 

bv ceo 

60 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 100 /uAdc, I E - 0) 

bv cbo 

100 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 100 /uAdc, I c = 0) 

bv ebo 

7.0 

- 

Vdc 

Collector Cutoff Current 

{V = 50 Vdc, I = 0) 2N2652 

2N2652A 

(V_ D = 50 Vdc, I„ = 0, T = 150°C) 2N2652 

CB E A 2N2652A 

*CBO 

- 

0.010 

0.002 

15 

10 

/uAdc 

Emitter Cutoff Current 

(V =5.0 Vdc, I = 0) 2N2652 

E 2N2652A 

X EBO 

- 

0.010 

0.002 

/uAdc 


ON CHARACTERISTICS 


DC Current Gain 
(U = 100 /uAdc, V n „ = 5. 0 Vdc) 

(I_ = 1.0 mAdc, V^ = 5. 0 Vdc) 

C LB 

(I =1.0 mAdc, V CE = 5. 0 Vdc, T A = -55°C) 

h FE 

35 

50 

15 

200 


Collector-Emitter Saturation Voltage 
(I_ = 50 mAdc, I = 5. 0 mAdc) 

C D 

V CE(sat) 

- 

1. 2 

Vdc 

Base-Emitter Saturation Voltage 

(R, = 50 mAdc, I = 5. 0 mAdc) 

L 13 

V BE(sat) 

- 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I- = 50 mAdc, V_ = 10 Vdc, f = 20 MHz) 

f T 

60 

- 

MHz 

Output Capacitance 
( V CB = 10 Vdc ’ l E = °» f = L 0 MHz > 

O 

U 

- 

15 

pF 

Input Capacitance 

(V„^ =0, 0. 5 Vdc, 1=0, f = 1. 0 MHz) 

Bill L 

c ib 

- 

85 

pF 

Input Impedance 

(I c =1.0 mAdc, V CE = 5. 0 Vdc, f = 1. 0 kHz) 

h. 

le 

1.0 

10. 5 

k ohms 

Input Impedance 

(I c = 1.0 mAdc, V CB = 5. 0 Vdc, f = 1. 0 kHz) 

h . , 
lb 

20 

35 

ohms 

Small-Signal Current Gain 

(I_ = 1.0 mAdc, V_„ = 5. 0 Vdc, f = 1. 0 kHz) 

C LB 

h. 

fe 

50 

300 

- 

Output Admittance 

(1=1.0 mAdc, V-„ = 5. 0 Vdc, f = 1. 0 kHz) 

L LB 

h 

oe 

4.0 

50 

/umhos 

Noise Figure 

(I c = 0. 3 mAdc, V CE = 10 Vdc, R g = 510 ohms, B. W. = 1.0 Hz, 
f = 1.0 kHz) 

NF 

1 


8.0 

dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio** 


h FEl /h FE2** 



_ 

(I- = 100 MAdc, V„ =5.0 Vdc) 
t Us 

2N2652 

0.85 

1.0 


2N2652A 


0.9 

1.0 


(I 0 = 1.0 mAdc, V otr =5.0 Vdc) 

L CIS 

2N2652 


0.85 

1. 0 


2N2652A 


0.9 

1. 0 


Base Voltage Differential 


| V BEr V BE 2 | 



mVdc 

(I„ = 100 /uAdc, V^ = 5. 0 Vdc) 


- 

3.0 


(I c = 1.0 mAdc, V CE = 5. 0 Vdc) 



- 

3.0 


Base Voltage Differential Gradient 


A ( V BE1" V BE2) 

aT a 



fuV/°C 

(I c = 100 /uAdc, V CE = 5. 0 Vdc, T A = 

-55 to +125° C) 

“ 

10 



(1) Pulse Test: Pulse Width § 300 /us, Duty Cycle ^ 2.0%. 

** The lowest of the two h EE readings is taken as hpgj for the purpose of measurement. 


2-327 







2n2696 (SILICON) 

2n2927 


PNP SILICON ANNULAR TRANSISTORS 

. . . designed for use in medium -speed, non-saturated switching 
applications. 

• High Collector-Emitter Breakdown Voltage — 

BV C EO = 25 Vdc @ lc = lOOjuAdc 

• High Collector-Base Breakdown Voltage - 

BVcbO = 25 Vdc @ lc = 100 /iAdc 


MAXIMUM RATINGS 

Rating 

Symbol 

2N2696 2N2927 

Unit 

Collector-Emitter Voltage 

v CEO 

25 

Vdc 

Collector-Base Voltage 

V CB 

25 

Vdc 

Emitter-Base Voltage 

V E B 

4.0 

Vdc 

Collector Current —'Continuous 

<C 

500 

mAdc 

Total Device Dissipation @T/^ = 25°C 
Derate above 25°C 

Pd 

0.36 0.8 

2.06 4.56 

Watts 

mW/°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

p D 

1.2 3.0 

6.85 17.1 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

TjTstg 

-65 to +200 

°C 


^Indicates JEDEC Registered Data, 


FIGURE 1 - TURN-ON AND TURN-OFF TIME TEST CIRCUIT 
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2N2696, 2N2927 (continued) 


"ELECTRICAL CHARACTERISTICS <T A = 25°C unless otherwise noted) 


| Characteristic 



Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage** 

(l C = 100/xAdc, l B = 0) 

(IC= 10 mAdc, l B = 0) 

2N2927 

2 N 2696 

BVCEO 

25 

25 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = lOOiuAdc, l E = 0) 

bvcejo 

25 

- 

Vdc 

Collector Cutoff Current 
(V C e= 15 Vdc, V BE = 0) 

2N2927 

'CES 

- 

25 

nAdc 

Collector Cutoff Current 
(V CB = 10 Vdc, l E = 0) 


•CBO 


0.0 25 

MAdc 

(V CB = 10 Vdc, l E = 0, T A = 1 50°C) 



- 

5.0 

MAdc 

(V CB r = 15 Vdc, l E = 0, T A = 125°C) 

2N2927 


- 

5.0 

MAdc 

Emitter Cutoff Current 
(V EB = 4.0 Vdc, l c = 0) 

•ebo 

- 

100 

MAdc 

Base Current 

(V C E = 15Vdp,V BE = 0) 

2N2927 

>B 

- 

25 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 

Oc = 50 mAdc, Vq E = 1.0 Vdc) 


h F E 

30 

130 

- 

(l C = 50 mAdc, V CE = 1 .0 Vdc, T A = -55°C) 



12 

- 


(l C = 300 mAdc, V CE = 2.0 Vdc)(1) 



20 

- 


Collector-Emitter Saturation Voltage 
(lC = 50 mAdc, l B = 2.5 mAdc) 


Vce (sat) 


0.25 

Vdc 

Oc = 300 mAdc, l B = 30 mAdc) 



- 

1.0 


Base-Emitter Saturation Voltage 

Oc = 50 mAdc, l B = 2.5 mAdc) 


v BE(sat) 


1.1 

Vdc 

Oc = 300 mAdc, l B = 30 mAdc) 



- 

2.0 


Base-Emitter On Voltage 

Oc = 50 mAdc, Vce = 10 Vdc) 

2N2927 

v BE(on) 

- 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(V C b = 10 Vdc, l E = 0, f = 140 kHz) 

C 0 b 

- 

20 

pF 

Input Impedance 

(lC = 10 mAdc, V C E = 10 Vdc, f = 1.0 kHz) 

hj e 

- 



Voltage Feedback Ratio 

Oc = 10 mAdc, Vce = IB Vdc, f — 1 .0 kHz) 

h re 

- 

n 


Small-Signal Current Gain 
(I C = 10 mAdc, V C E = 10 Vdc, f = 1.0 kHz) 

(l C = 50 mAdc, V C e = 3.0 Vdc, f = 100 MHz) 

hfe 

25 

1.0 

HI 


Output Admittance 

(l c = 10 mAdc, V C E = 10 Vdc. f - 1.0 kHz) 

h oe 

- 

1200 

Mmhos 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(V C c = 10 Vdc,l C «300 mAdc, l B1 «30 mAdc) 

(See Figure 1) 

ton 

- 

75 

ns 

Turn-Off Time 

(Vce = 10 Vdc, ^^300 mAdc, l B i = l B 2~30mAdc) 

(See Figure 1) 

toff 

- 

170 

ns 


‘Indicates JE DEC Registered Data. 

* ‘Motorola Guarantees this data in addition to JEDEC Registered Data. 
(1 )Pulse Test: Pulse Width = 300 /its. Duty Cycle = 1.0%. 
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2n2710 (SILICON) 


NPN silicon transistor primarily designed 
for high-speed, low-power saturated switching appli- 
cations for industrial service. 


CASE 22 

(TO-18) 

Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

CEO 

20 

Vdc 

Collector-Emitter Voltage 

v 

CES 

30 

Vdc 

Collector-Base Voltage 

v 

CB 

40 

Vdc 

Emitter -Base Voltage 

V EB 

5.0 

Vdc 

Collector Current -Continuous 

*c 

500 

mAdc 

Total Device Dissipation @ = 25° C 

P D 

0.36 

w 

Derate above 25° C 


2.1 

mW/°C 

Total Device Dissipation @ = 25° C 

P D 

1.2 

w 

Operating Junction Temperature Range 

T J 

+200 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 



FIGURE 1 - STORAGE TIME TEST CIRCUIT 



t r ,t,^0.5 ns 
Z in = 50 ohms 
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2N2710 (continued) 


ELECTRICAL CHARACTERISTICS , < T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(I_ = 10 mAdc, I D = 0) 

U D 

bv ceo 

20 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(I c = 10 MAdc, V BE = 0) 

bv ces 

30 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 10 M Adc, I E = 0) 

bv cbo 

40 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 10 MAdc, I c = 0) 

bv ebo 

5.0 

- 

Vdc 

Collector -Cutoff Current 
(V CB = 20 Vdc, I E = 0) 

^BO 

- 

0. 03 

^Adc 

(V CB = 20 VDC, I E = 0, T a = +150°C) 


- 

30 


Emitter Cutoff Current 
( v be = 3 - ovdc > I c = °) 

X EBO 

- 

1.0 

MAdc 


ON CHARACTERISTICS 


DC Current Gain 

(I c = 10 mAdc, V CE =1.0 Vdc) 

h FE 

40 

_ 

- 

(I_ = 50 mAdc, V— =1.0 Vdc) 


40 

- 


Collector -Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1.0 mAdc) 

V CE(sat) 


0.25 

Vdc 

(I_ = 50 mAdc, I_ =5.0 mAdc) 

U D 


- 

0.4 


Base -Emitter Saturation Voltage 
(I- = 10 mAdc, 1=1.0 mAdc) 

L O 

V BE(sat) 

- 

0.9 

Vdc 

(1^ = 50 mAdc, Ig = 5. 0 mAdc) 


- 

1.3 



DYNAMIC CHARACTERISTICS 


Current -Gain- Bandwidth Product 

(I c = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) 

f T 

500 

- 

MHz 

Output Capacitance 

( V CB = 10 Vdc, I E = 0, f = 4. 0 MHz) 

C ob 

- 

4.0 

pF 

Turn-On Time (Figure 2) 

(V cc =3.0 Vdc, V BE(off) = 2.0 Vdc, I c = 10 mAdc, 1^ = 3. 0 mAdc) 

t 

on 

- 

20 

ns 

Turn-Off Time (Figure 2) 

(V~„ = 3. 0 Vdc, I_ = 10 mAdc, = 3. 0 mAdc, I__ =1.0 mAdc) 

t off 

- 

35 

ns 

Charge -Storage Time (Figure 1) 

(V C c = l°Vdc, I c = I B1 = I B2 = 1° mAdc) 

‘s 

- 

15 

ns 


FIGURE 2 - TURN ON AND TURN OFF TIME TEST CIRCUIT 


+7.0 V 


-2.0 V— * 


3.0 V 



OSCILLOSCOPE 
INPUT ^ 10 Mo 
^ 2.6 pF 
t r = t f 0.4 ns 


t r , t, fg 0.5 ns 
Z in = 50 ohms 
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2n2720 (SILICON) 
2n2721 



Case 654-04 
TO-78 


Dual NPN silicon transistors for small- signal, low- 
power differential amplifier applications. 



Pin Connections, Bottom View 
All Leads Electrically Isolated from Case 


MAXIMUM RATINGS (each side) (T a = 25 °C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V 

V CEO 

60 

Vdc 

Collector-Base Voltage 

V CB 

80 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current 

*c 

40 

mAdc 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +200 

°c 

Total Device Dissipation @T^ = 25° C 
Derate above 25° C 

P D 

One 

Side 

Both 

Sides 

Watt 

mW/°C 

0.3 

1.71 

0.6 

3.4 

Total Device Dissipation = 25° C 

Derate above 25° C 

P D 

0.6 

3.4 

1.2 

6.8 

Watts 

mW/°C 
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2N2720, 2N2721 (continued) 


ELECTRICAL CHARACTERISTICS (each side) (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

bv ceo 



Vdc 

(I_ = 10 mAdc, I 0 = 0) 
t 13 

60 

- 


Collector Cutoff Current 

J CEO 



nAdc 

(V CE =5.0Vdc, I B = 0) 

- 

10 


Collector Cutoff Current 

J CBO 



fiAdc 

(V =60 Vdc, 1=0) 

<v£“ = 60 Vdc, 1^ = 0, T a = 1 50° C) 

- 

0.01 



- 

10 


Emitter Cutoff Current 

X EBO 



nAdc 

(V EB = 5.0Vdc, I c = 0) 

- 

10 



ON CHARACTERISTICS 


DC Current Gain 
(I- = 100 jiAdc, V^„ = 5. 0 Vdc) 

(I_ = 1.0 mAdc, V„„ =5.0 Vdc) 

C Cl!. 

(I c = 10 mAdc, V CE = 5. 0 Vdc) 

h FE 

30 

35 

42 

120 


Collector -Emitter Saturation Voltage 
(L, = 10 mAdc, I_ =1.0 mAdc) 

L D 

V CE(sat) 

- 

1.0 

Vdc 

Base-Emitter Saturation Voltage 

(I = 10 mAdc, 1=1.0 mAdc) 

C 13 

V BE(sat) 

0. 65 

0. 85 

Vdc 

SMALL-SIGNAL CHARACTERISTICS 

Current -Gain— Bandwidth Product 
(I_ = 10 mAdc, V^„ = 10 Vdc, f = 20 MHz) 

f T 

80 

- 

MHz 

Output Capacitance 

( V CB = 5 * 0 Vdc, Ig = 0, f = 1. 0 MHz) 

C ob 

- 

6.0 

pF 

Input Impedance 

(I E = 1. 0 mAdc, V CB = 5. 0 Vdc, f = 1. 0 kHz) 

h ib 

25 

32 

ohms 

Voltage Feedback Ratio 
(I E =1.0 mAdc, V CB = 5.0 Vdc, f = 1. 0 kHz) 

h rb 


500 

X 10" 6 

Small-Signal Current Gain 
(T =1.0 mAdc, V„„ =5.0 Vdc, f = 1. 0 kHz) 

K 

fe 

30 

200 

- 

Output Admittance 

(I £ = 1. 0 mAdc, V CB = 5.0 Vdc, f = 1. 0 kHz) 

h . 
ob 

- 

1.0 

jxmhos 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio** 

(I = 100 jiAdc, V = 5. 0 Vdc) 2N2720 

C L 2N2721 

h FEl^ h FE2** 

0.9 

0.8 

1.0 

1.0 


Base Voltage Differential 

(I_ = 100 jiAdc, V„ =5.0 Vdc) 2N2720 

C 2N2721 

| V BE1" V BE2 

“ 

5.0 

10 

mVdc 

Base Voltage Differential Gradient 
(I n = 100 jiAdc, V_ p = 5. 0 Vdc, T. = -55 to +25° C) 2N2720 

L ^ A 2N2721 

(I 0 = 100 jiAdc, V^ = 5. 0 Vdc, T . = +25 to +125° C) 2N2720 

C CE A 2N2721 

A ( V BEl" V BE2) 


0.8 

1.6 

1.0 

2.0 

mV 


(1> Pulse Test: Pulse Width = 300 /is, Duty Cycle = 2% 

** The lower of the two h^ readings is taken as h-p E1 for the purpose of measurement. 
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2n2722 (SILICON) 



Dual NPN silicon transistor for small- signal, low- 
power differential amplifier applications. 


Case 654-04 
TO-78 



Pin Connections Bottom View 
All Leads Electrically Isolated from Case 


MAXIMUM RATINGS (each side) (T a = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

V CEO 

45 

Vdc 

Collector-Base Voltage 

v 

CB 

45 

Vdc 

Emitter-Base Voltage 

V EB 

5. 

0 

Vdc 

Collector Current 

r c 

40 

mAdc 

Operating & Storage Junction 

m 

-65 to +200 

° c 

Temperature Range 






One 

Both 




Side 

Sides 


Total Device Dissipation @T^ = 25° C 

P D 

0.3 

0.6 

Watt 

Derate above 25° C 


1.7 

3.4 

mW/°C 

Total Device Dissipation @T^, = 25° C 

P D 

0.6 

1.2 

Watts 

Derate above 25° C 


3.4 

6.8 

mW/°C 


2-334 



































2N2722 (continued) 


ELECTRICAL CHARACTERISTICS (each side) (T a = 25*C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(I c = 10 mAdc, I B = 0) 

bv ceo 

45 

- 

Vdc 

Collector-Base Breakdown Voltage 
<I C = 10 nAdc, I E = 0) 

bv cbo 

45 

- 

Vdc 

Collector Cutoff Current 
(V CE =5 - 0Vdc > I B = 0) 

J CEO 

- 

2.0 

nAdc 

Collector Cutoff Current 
(V = 30 Vdc, I = 0) 

(V^ B =30 Vdc, I E =0, T A =150 e C) 

^BO 


0.001 

1.0 

MAdc 

Emitter Cutoff Current 
(V EBi = 5> ° VdC> l C = 0) 

X EBO 


1.0 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
(I c = 1.0 /iAdc, V CE = 5. 0 Vdc) 

h FE 

50 

250 

- 

(I c = 10 MAdc, V CE = 5. 0 Vdc) 


100 

- 


(I c = 0. 1 mAdc, V CE =5.0 Vdc) 


125 

- 


Collector-Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 0. 5 mAdc) 

V CE(sat) 

- 

1.0 

Vdc 

Base-Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 0. 5 mAdc) 

V BE(sat) 

0.65 

0.85 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c = 10 mAdc, V CE = 10 Vdc, f = 20 MHz) 

f T 

100 

- 

MHz 

Output Capacitance 
(V CB = 5 ' ° Vdc ’ *E = °» f = 1- 0 M H Z ) 

O 

o 

cr 

- 

6.0 

pF 

Input Impedance 

(I E = t. 0 mAdc, V CB = 5. 0 Vdc, f = 1. 0 kHz) 

h 

lb 

25 

32 

ohms 

Voltage Feedback Ratio 
(I E =1.0 mAdc, V CB = 5. 0 Vdc, f = 1. 0 kHz) 

h . 
rb 

- 

600 

X 10' 6 

Small-Signal Current Gain 
(I E = 0. 1 mAdc, V CE = 5. 0 Vdc, f = 1. 0 kHz) 

h. 

fe 

100 

700 

- 

Output Admittance 

(I E =1.0 mAdc, V CB = 5. 0 Vdc, f = 1. 0 kHz) 

h . 
ob 

- 

1.0 

Mmhos 

Noise Figure 

(I_ = 10 MAdc, V^„ = 5. 0 Vdc, R = 10 k ohms, 
f = 10 Hz to 15.7 kHz) 

NF 


4.0 

dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio** 

(I_ = 1.0 MAdc, V_„ = 5. 0 Vdc) 

C CJli 

h FEl /h FE2** 

0.9 

1.0 

- 

Base Voltage Differential 
(I_ = 10 MAdc, V_ = 5. 0 Vdc) 

I V BE1 ' V BE2l 

- 

5.0 

mVdc 

Base Voltage Differential Gradient 
(I r = 10 MAdc, V rp ,=5.0Vdc, T a 

= -55 to +25° C) 

A(V BE1 _V BE2 ) 

_ 

0.8 

mVdc 

(I c = 10 MAdc, V CE = 5. 0 Vdc, T A 

= +25 to +125° C) 


- 

1.0 



(D Pulse Test: Pulse Width = 300 ms, Duty Cycle ^ 2. 0%. 


** The lower of the two h EE readings is taken as h EE ^ for the purpose of measurement. 
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2n2723 thru 2n2725 (SILICON) 



CASE 20(8) 

(TO-72) Two NPN silicon annular transistors connected as a 

darlington amplifier, and designed for applications re- 
quiring very high gain. 


B, 



MAXIMUM RATINGS (T a = 25 °C unless otherwise noted) 


Rating 

Symbol 

2N2723 

2N2724 

2N2725 

Unit 

Collector Emitter Voltage 

v 

CE20 

60 

45 

Vdc 

Collector-Base Voltage 


80 

45 

Vdc 

Emitter-Base Voltage 

v 

E2B1 

12 

10 

Vdc 

Collector Current 

r c 

40 

30 

mAdc 

Total Device Dissipation @T^ = 25° C 

P D 

0 . 

5 


Watt 

Derate above 25° C 


2. 

9 


mW/°C 

Total Device Dissipation = 25° C 

P D 

1 . 

8 


Watts 

T c = 100°C 


1 . 

0 


Watt 

Derate above 25° C 


10.5 


mW/°C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +200 

°C 


2-336 










































2N2723 thru 2N2725 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(I c = 10 mAdc, I 01 = 0) 

2N2723, 2N2724 
2N2725 

BV CE20 

60 

45 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 10 M Adc, I E2 = 0) 

2N2723, 2N2724 
2N2725 

0V CB 1O 

80 

45 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I £2 = 10 pAdc, I c = 0) 

2N2723, 2N2724 
2N2725 

BV E2B10 

12 

10 

- 

Vdc 

Collector Cutoff Current 
(V CB i - 60 Vdc, I E - 0) 

2N2723, 2N2724 

^BIO 

- 

0.01 

juAdc 

(V CB1 = 60 Vdc,I E =0, T a = 150”C) 

2N2723, 2N2724 


- 

10 


< v cbi =30 Vdc > V°> 

2N2725 


- 

0. 002 


(V CB l =30VdC > I E=°- T a =150°C) 

2N2725 



2.0 


Emitter Cutoff Current 
< V BlE2 =10Vdc ’ V 0 ' 

2N2723, 2N2724 

I E2B10 

- 

10 

nAdc 

‘ V BlE2 =6 - 0Vdc > l C= 0) 

2N2725 


- 

1.0 



ON CHARACTERISTICS 


DC Current Gain 

(I„ = 10 mAdc, V_ ro =5.0 Vdc, I n0 = 0) 2N2723 

C CE2 B2 2N2724 

(I c = 100 |l Adc, V CE2 =5.0 Vdc, I B2 = 0) 2N2725 

h FE 

2000 

7000 

2000 

10,000 

50.000 

10.000 


Collector-Emitter Saturation Voltage 
(1^, = 10 mAdc, Igj =1.0 mAdc) 

V CE2(sat) 

- 

1.0 

Vdc 

Base-Emitter Saturation Voltage 
(I c = 10 mAdc, I =1.0 mAdc) 

V BE2(sat) 

- 

1.7 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product (Each Unit) 


f T 



MHz 

(I c = 10 mAdc, V CE1 or V CE2 = 10 Vdc, f = 20 MHz) 



100 

- 


Output Capacitance 

(V cm = 10 Vdc, I £2 = 0, f = 140 kHz) 2N2723, 

2N2724 

C obl 

- 

10 

pF 

Small -Signal Current Gain 
(I Q = 10 mAdc, V CE2 = 5. 0 Vdc, f = 1. 0 kHz) 

2N2723 

2N2724 

h, 

fe 

1500 

5000 

15.000 

60. 000 


(I- = 10 juAdc, V_ 0 = 5.0 Vdc, f = 1. 0 kHz) 

2N2725 


1500 

15,000 


Noise Figure (Input Stage Only) 

(I c = 50 /LiAdc, V CE =5.0 Vdc, R g = 3. 0 k ohms, 


NF 



dB 

f = 1.0 kHz, BW = 100 kHz) 

2N2723 


- 

10 


(L, = 10 MAdc, V„„ = 5. 0 Vdc; R- = 10 k ohms, 






f = 1.0 kHz, BW = 100 kHz) 

2N2724 


- 

6.0 


(I„ = 3. 0 pAdc, V =5.0 Vdc, R c = 30 k ohms, 






f = 1.0 kHz, BW = 100 kHz) 

2N2725 


- 

6.0 



m Pulse Test: Pulse Width ^12 ms, Duty Cycle^2.0 %. 


2-337 







2N2728 (GERMANIUM) 


PNP germanium high-current power transistors es- 
pecially designed for switching and power converter 
circuit operating from low-voltage power sources such 
as solar cells, thermo-electric generators, sea cells, 
fuel cells, and 1. 5 -volt batteries. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector- Base Voltage 

V CB 

15 

Vdc 

Collector- Emitter Voltage 

V CEO 

5.0 

Vdc 

Emitter- Base Voltage 

V EB 

15 

Vdc 

Collector Current (continuous) 


50 

Adc 

Base Current (continuous) 

*B 

10 

Adc 

Total Device Dissipation @ 25°C 

Case Temperature 

P D 

170 

Watts 

Operating Temperature 

T J 

+110 

°c 

Storage Temperature 

T stg 

-65 to +110 

- 

°c 

Thermal Resistance 

(Junction to Case) 

e 3C 

0.5 

°C/W 
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2N2728 (continued) 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector Cutoff Current 

*CEX 

mm 

■ 


mAdc 

V CE = 15 V > V BE = 1 V 


I 

10 


V CE= 10V > V BE = 1V > T C =100«C 


■ 

■ 

35 


Emitter- Base Cutoff Current 

v eb= 15v 

^BO 

■ 

■ 

10 

mAdc 

Emitter Floating Potential 

V EBF 

■ 

■ 

0. 5 

Vdc 

v cb = 15v - v° 


m 


Collector- Emitter Breakdown Voltage* 

bv ceo 


10 

■ 

tm 

I c = 500 mA, I 0 = 0 

5.0 

■ 

M 

DC Current Transfer Ratio 

h FE 


■ 


■ 

I c = 20 A > v ce = 2v 

40 

1 

130 

■ 

Collector- Emitter Saturation Voltage 

V CE(sat) 

m 



Vdc 

I c = 50 A, I B = 5 A 

m 

0.075 

0. 1 


Base-Emitter Voltage 

V BE(sat) 

■ 



Vdc 

I c = 50 A, I B = 5 A 

a 

0.85 

1.0 


Common Emitter Cutoff Frequency 

f «e 


m 

■ 

kHz 

I c = 20A - V CE = 2V 

3.0 

u 

■ 


Rise Time 

t 

■ 



lis 

I C = 20A > V CC =1 * 75V > 7 B(on) = 2 A 

r 

fl 

18 

25 


Storage Time 

‘s 

■ 



MS 

V BE = 6V > **e = 10Cl 

■ 

15 

20 


Fall Time 


■ 



wm 

V BE = 6V > Rbe' 100 


10 

15 

m 


* To avoid excessive heating of the collector junction, perform these tests with an oscilloscope. 
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2n2785 (SILICON) 



Two NPN silicon annular transistors connected as a 
darlington amplifier, and designed for applications re- 
quiring very high gain . 





MAXIMUM RATINGS (T a = 25 °C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

v CE20 

40 

Vdc 

Collector-Base Voltage 

V 

V CB1 

60 

Vdc 

Emitter-Base Voltage 

V 

E2B1 

15 

Vdc 

(Pin 4 to Pin 2) 


7.5 

Vdc 

Total Device Dissipation @T^ = 25° C 

P D 

0. 5 

Watt 

Derate above 25° C 


3.33 

mW/°C 

Total Device Dissipation @T^ = 25° C 

P D 

1.8 

Watts 

T C =100°C 


1.0 

Watt 

Derate above 25° C 


10 

mW/° C 

Operating Junction Temperature Range 

T J 

-65 to +175 

° c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 
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2N2785 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (i) 

BV CE20 



Vdc 

(I c = 20 mAdc, I m =0) 

40 

■ 


Collector-Base Breakdown Voltage 

bv cbio 



Vdc 

(I c = 100 MAdc, I E2 =0) 

60 

- 


Emitter -Base Breakdown Voltage 

BV E2B10 



Vdc 

(I E2 = 100 MAdc, I c = 0) 

15 

■ 


Collector Cutoff Current 

*ceo 



nAdc 

< V CE =20VdC ’ V 01 

- 

500 


Collector Cutoff Current 

! cbio 



MAdc 

< V CBl =30VdC ’ ! E = 0) 

” 

0.05 


( V CBl =30Vdc ’ I E =0 ’ T A =15 °' C) 


- 

10 


Emitter Cutoff Current 

I E2B10 


20 

nAdc 

< V E2Bl =5 -° VdC - ' C = °> 

‘ 



ON CHARACTERISTICS 


DC Current Gain ID 
(I c -1-0 mAdc, V CE2 =4.0 Vdc) 

h FE 

600 


- 

(I c = 10 mAdc, V CE2 = 5. 0 Vdc) 


1200 

- 


(I„ = 100 mAdc, V_„ 0 = 5. 0 Vdc) 


2000 

20,000 


Collector-Emitter Saturation Voltage 

(I„ = 15 mAdc, I 01 = 3. 0 mAdc) 

C r>l 

V CE2(sat) 

t 

- 

1.0 

Vdc' 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(1=1.0 mAdc, V„_ „ = 5. 0 Vdc, f = 10 MHz) 

C_ Gii l 

f T 

10 

- 

MHz 

Output Capacitance 

(V CB1 = 10 Vdc ’ *E2 = °» f = !• 0 MHz ) 

C obl 


30 

pF 

Input Impedance 

(I c = 1.0 mAdc, V CB1 = 5.0 Vdc, f = 1.0 kHz) 

h ib 

30 

80 

Ohm 

Voltage Feedback Ratio 

(I c = 1.0 mAdc, V CE2 = 5.0 Vdc, f = 1.0 kHz) 

h . 
rb 

- 

10 

-4 

x 10 

Small-Signal Current Gain 
(I c = 1.0 mAdc, V CE2 = 5. 0 Vdc, f = 1. 0 kHz) 

K 

fe 

600 

- 

- 

Output Admittance 

(I c = 1.0 mAdc, V cm = 5.0 Vdc, f = 1.0 kHz) 

h . 

Ob 

- 

0. 5 

Mmhos 


(1) Pulse Test: Pulse Width s 300 jus, Duty Cycle g 2.0%. 
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2N2800 (SILICON) 

2N2801 

2N2837 

2N2838 



CASE 22 

(TO- 18) 



PNP silicon annular transistors for medium- speed 
switching applications. 


CASE 31 

(TO-5) 


2N2837 2N2800 

2N2838 2N2801 


Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector- Base Voltage 

V CB 

50 

Vdc 

Collector-Emitter Voltage 

v 

V CEO 

35 

Vdc 

Emitter- Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 

*c 

800 

mA 

Total Device Dissipation 

@ 25°C Ambient Temperature 
2N2800, 2N2801 - TO-5 

Derating Factor Above 25°C 

P D 

0.8 

4. 57 

Watt 

mW/°C 

2N2837, 2N2838 - TO- 18 

Derating Factor Above 25°C 


0. 5 

2.86 

Watt 

mW/°C 

Total Device Dissipation 

@ 25°C Case Temperature 

2N2800, 2N2801 - TO-5 

Derating Factor Above 25°C 

P D 

3.0 

17.3 

Watts 

mW/°C 

2N2837, 2N2838 - TO-18 

Derating Factor Above 25°C 


1.8 

10.3 

Watts 

mW/°C 

Junction Temperature, Operating 

T J 

+200 

°C 

Storage Temperature 

T Stg 

1 

-65 to +200 

°c 


DELAY AND RISE TIME TEST CIRCUIT 


STORAGE AND FALL TIME TEST CIRCUIT 


+ 15V 4 10V 



INPUT +18. 9V +10V 
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2N2800, 2N2801 , 2N2837, 2N2838 (Continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector- Base Breakdown Voltage 

bv cbo 



Vdc 

(I c = 10 pAdc, I E = 0) 

50 

■ 


Emitter- Base Breakdown Voltage 

bv ebo 




(I E = 100 (xAdc, I c = 0) 

5.0 

_ 

WM 

Collector- Emitter Breakdown Voltage 

bv ceo 




(l c = 100 mAdc, I B = 0) 

35 

- 

n 

Collector Cutoff Current 

*cex 



nAdc 

(V CE = 25Vdc, V BE = 0. 5 Vdc) 

- 

100 


Base Cutoff Current 

X BL 



nAdc 

(V CE = 25 Vdc, V BE . 0. 5 Vdc) 

- 

100 


DC Forward Current Transfer Ratio 

h FE 



- 

(I c = 0.1 mAdc, V CE =10Vdc) 




2N2800, 2N2837 


20 

- 


2N2801 , 2N2838 


30 

- 


(I c = 150 mAdc, V CE = 10 Vdc) W 





2N2800, 2N2837 


30 

90 


2N2801, 2N2838 


75 

225 


(I c = 150 mAdc, V CE = 1 Vdc) <1> 





2N2800, 2N2837 


15 

- 


2N2801, 2N2838 


30 

- 


(I c = 500 mAdc, V C£ = 10 Vdc) <1> 





2N2800, 2N2837 


25 

- 


2N2801, 2N2838 


40 

- 


Collector Saturation Voltage 

V CE(sat) 



Vdc 

(I c = 150 mAdc, I fi = 15 mAdc) 

- 

0.4 


(1^ = 500 mAdc, = 50 mAdc) 


- 

1.2 


Base- Emitter Saturation Voltage 



1.3 

Vdc 

(I c = 150 mAdc, I R = 15 mAdc) 

- 


(I c = 500 mAdc, = 50 mAdc) 

II 

- 

1.8 


Output Capacitance 

C ob 


25 

pF 

(V~ D = 10 Vdc, f = 100 kHz) 

~ 


Current-Gain — Bandwidth Product 

f T 



MHz 

(I c = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 

T 

120 




SWITCHING CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Typical 

Maximum 

Unit 

Delay Time 


9 

25 

ns 

Rise Time 

l r 

25 

45 

ns 

Storage Time 

l s 

100 

225 

ns 

Fall Time 


3o 

4!> 

ns 


(1) Pulse Test: Pulse Width = 300 ps, duty cycle ^ 2% 
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I c , COLLECTOR CURRENT (AMPS) p 0 , AVERAGE POWER DISSIPATION (WATTS) 


(GERMANIUM) PNP germanium transistors for switching and 
amplifier applications. 


2n2834 


For units with solder lugs attached, specify 
device MP2832 etc. (TO-41 package) 


MAXIMUM RATINGS 


Rating 

Symbol 

2N2832 

2N2833 

2N2834 

Unit 

Collector-Emitter Voltage 

V CEO 

50 

75 

100 

Vdc 

Collector-Base Voltage 

V CB 

80 

120 

140 

Vdc 

Emitter-Base Voltage 

V EB 

2.0 

Vdc 

Collector Current - Continuous 


20 

Adc 

Base Current 

*B 

5. 0 

Adc 

Total Device Dissipation @ = 25° C 

P D 

85 

Watts 

Operating and Storage Junction 

Temperature Range 

I T T 

J Stg 

i 

-65 to +110 



case ii a 


j CASE 4-04 

T 1 (TO-3 modified) 

1 0 

(TO-41) 

Collector connected to case 




2n2832 

2n2833 


FIGURE 1 - POWER DERATING CURVE 



THESE TRANSISTORS ARE ALSO SUBJECT TO SAFE AREA CURVES AS 
INDICATED BY FIGURES 2, 3, 4. BOTH LIMITS ARE APPLICABLE 
AND MUST BE OBSERVED 


T c , CASE TEMPERATURE (°C) 

SAFE OPERATING AREAS 





0 20 40 60 80 100 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 160 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate the Ic - Vce limits below which the devices will not go into secondary breakdown. As secondary breakdown is independent 
of temperature and duty cycle, these curves can be used as long as the average power derating curve (Figure 1) is also taken into consideration to insure operation 
below the maximum junction temperature. 
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2N2832 thru 2N2834 (Continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage* 1 * 


BV 

mm 


■ 

Volts 

(I_ = 100 mAdc, I = 0) 

2N2832 

L^Hi vJ^SUS; 

ei 




C D 

2N2833 


sn 

1 • 




2N2834 


m 9 




Emitter-Base Breakdown Voltage 


bv fro 



mm 

Vdc 

(T = 50 mAdc, I = 0) 

lli c 



2.0 

B 

1 


Floating Potential* 


v * 

H 



Volts 

(V CB = 80 Vdc, I E = 0) 

2N2832 




0. 5 


(V CB = 120 Vdc, I E = 0) 

2N2833 


B 


0. 5 


(V CB = 140 Vdc, I E = 0) 

2N2834 


■ 

B 

0. 5 


Collector Cutoff Current* 


I * 

■ 

■ ■ 


mAdc 

(V C E = 10 °Vdc, V BE =0) 

2N2832 

CES 

■ 

1 

20 


(V CE = 140Vdc, V BE = 0) 

2N2833 


I 

■ 

20 


(V CE =160Vdc, V BE =0) 

2N2834 


■ 

B 

20 


Collector Cutoff Current** 


I ** 

mm 

mm 


mAdc 

(V CE = 50 Vdc, V BE(o£f) =0.2 Vdc, T C = + 85°C) 

2N2832 

CEX 

■ 

H 

40 


(V CE = 75 Vdc, V BE(o£f) =0. 2 Vdc, T c = + 85°C) 

2N2833 


■ 

B 

40 


(V CE = 100 Vdc, V BE(o££) = 0. 2 Vdc, T c = +85° C) 

2N2834 


■ 

B 

40 


Collector Cutoff Current* 


I * 

■ | 



mAdc 

(V CB = 2. 0 Vdc, I E = 0) 


CBO 

1 

B 

0. 3 


(V CB = 80 Vdc, I £ = 0) 

2N2832 


■ 

■ 

10 


(V CB = 120 Vdc, I E = 0) 

2N2833 


I 

■ I 

10 


(V CB = 140 Vdc, I E = 0) 

2N2834 


■ 

B 

10 



ON CHARACTERISTICS 


DC Current Gain 
(I c = 1.0 Adc, V CE = 2. 0 Vdc) 

h FE 

50 

75 

_ 

■ 

(I = 10 Adc, V™ = 2. 0 Vdc) 

C CrLi 


25 

- 

100 

■ 

Collector-Emitter Saturation Voltage 
(1=1.0 Adc, I_ = 100 mAdc) 

L D 

V CE(sat) 

■ 

■ 

0. 15 

Vdc 

(T = 10 Adc, L = 1.0 Adc) 

C B 



■ 

0. 30 


(I c = 20 Adc, I = 2. 0 Adc) 


m 

■ 

0. 5 


Base-Emitter Saturation Voltage 

Qr =1.0 Adc, T = 100 mAdc) 

C D 

V BE(sat) 

m 

■ 

0.6 

Vdc 

(I c = 10 Adc, I B = 1. 0 Adc) 


■ 

1 

0. 75 


(I c = 20 Adc, I B = 2.0 Adc) 


■ 

■ 

1.0 



DYNAMIC CHARACTERISTICS 


Small Signal Current Gain 
(I c = 1.0 Adc, V CE = 10 Vdc, f = 5. 0 MHz) 

h 

fe 

2.0 

3. 5 

■ 

■ 

Rise Time 

t 

r 

- 

2.0 

4. 0 

MS 

Storage Time 

t 

s 

- 

3. 0 

6.0 

MS 

Fall Time 


- 

1 . 0 

2. 5 

MS 


* SWEEP TEST: 1/2 Sine Wave, 60 Hz min. 

(1, PULSE TEST: Pulse Width = 1.0 ms, 2. 0% Duty Cycle. 
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, BASE-EMITTER SATURATION VOLTAGE (VOLTS) V KM)t BASE-EMITTER SATURATION VOLTAGE (VOLTS) V« M)I BASE-EMITTER SATURATION VOLTAGE (VOLTS) 


2N2832 thru 2N2834 (Continued) 


FI8 5 - BASE-EMITTER SATURATION V0LTA6E VARIATIONS 





.01 0.1 1.0 5.0 


l„ BASE CURRENT (AMP) 
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, COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) V CE(f . t|I COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) Vc E „.„, COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


2N2832 thru 2N2834 (Continued) 


FIG 6 - COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 



.01 0.1 1.0 

l„ BASE CURRENT (AMP) 



.01 0.1 1.0 

l„ BASE CURRENT (AMP) 



l„ BASE CURRENT (AMP) 
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I„ BASE CURRENT (mA) ^ l c , COLLECTOR CURRENT (AMP) l c , COLLECTOR CURRENT (AMP) 


2N2832 thru 2N2834 (continued) 


FIGURE 7 - CURRENT VARIATIONS 



.01 .02 .04 .06 0.1 0.2 0.4 0.6 1.0 2.0 

l„ BASE CURRENT (AMP) 



FIGURE 8 - COLLECTOR CURRENT-VOLTAGE VARIATION 




V„, BASE-EMITTER VOLTAGE (VOLTS) 


FIG 9 - BASE CURRENT-VOLTAGE VARIATIONS 


FIGURE 10 CURRENT-GAIN VARIATIONS 




0 0.2 0.4 0.6 0.8 0.1 1.0 10 

V t|f BASE EMITTER VOLTAGE (VOLTS) l c , COLLECTOR CURRENT (AMP) 
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, CURRENT GAIN-BANDWIDTH PRODUCT (Me) RISE or FALL TIME (^s) 


2N2832 thru 2N2834 (continued) 


FIG 1 1 - RISE and FALL TIME vs COLLECTOR CURRENT 



O.l 0.2 0.4 0.6 1 2 4 10 20 


l c , COLLECTOR CURRENT (AMP) 


FIG 12 — STORAGE TIME vs COLLECTOR CURRENT 



0.1 0.2 0.4 0.6 1 2 4 6 8 10 20 

l c , COLLECTOR CURRENT (AMP) 


FIG 13 - SWITCHING TIME TEST CIRCUIT 



Characteristic 

Sym 

Max 

Unit 

Rise Time 

t. 

4 

/lS 

Storage Time 

t. 

6 

/iS 

Fall Time 

t, 

2.5 

tiS 


ADJUST R„ R 2( R„ for l„ = l M = 0.1 l c 
PULSE CONDITIONS; l c = 5 AMP, l„ = 0.5 AMP 

Switching times shown are for constant current drive conditions. 
Faster times can be realized by the use of a lower source impedance 
or a speed-up capacitor. See Chapter 5 of the Motorola Switching 
Handbook for a more detailed explanation. 


FIG 14 - CURRENT GAIN - BANDWIDTH PRODUCT 
vs COLLECTOR CURRENT 


FIG 15- OUTPUT CAPACITANCE vs REVERSE VOLTAGE 



0.1 0.2 0.4 0.6 0.8 1 3 5 

l c , COLLECTOR CURRENT (Adc) 



1.0 2 4 6 8 10 20 40 

V c „ REVERSE VOLTAGE (Vdc) 


2n2837, 2n2838 

For Specifications , See 2N2800 Data . 
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2n2845 thru 2N2848 (SILICON) 



2N2846 

2N2848 


NPN silicon annular transistors designed for high- 


speed, medium-power saturated switchingapplications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N2845 

2N2846 

2N2847 

2N2848 

Unit 

Collector- Emitter Voltage* 

V C EO* 

30 

30 

20 

20 

Vdc 

Collector-Base Voltage 

V CB 

60 

60 

60 

60 


Emitter-Base Voltage 

VgB 

5.0 

5.0 

5.0 

5.0 

Vdc 

Total Device Dissipation @ T A = 25°C 

P D 

360 

800 

360 

800 

mW 

Derate above 25°C 


2.1 

4.6 

2.1 

4.6 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

PD 

1.2 

3.0 

1.2 

3.0 

Watts 

Derate above 25°C 


6.9 

1 

17.2 

6.9 

17.2 

mW/°C 

Operating Junction Temperature Range 

Tj 

-65 to 200 

°C 

Storage Temperature Range 

T stg 

-65 to + 200 

°C 


♦Applicable from 1 mA to 30 mA (Pulsed) 


2-350 









2N2845 thru 2N2848 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25*C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage Ml 
(IC = 30 mAdc, I B = 0) 2N2845, 2N2846 

(I C = 30 mAdc, I B = 0) 2N2847, 2N2848 

BV CEO(sus) 

30 

20 

- 

Vdc 

Collector-Base Breakdown Voltage 
(Ic =0.1 mAdc, I E = 0) 

bv cbo 

60 



Vdc 

Emitter- Base Breakdown Voltage 
(I B =0.1 mAdc, Ic = 0) 

bv ebo 

5.0 



Vdc 

Collector-Cutoff Current 
(V CE = 30 Vdc, V BE = 0) 

k: es 

— 

0.2 

M Adc 

Collector Cutoff Current 
(V CB = 30 Vdc, I E = 0, T a = 150°C) 

! cbo 

— 

200 

MAdc 

Base Leakage Current 
(V CE = 30 Vdc, V BE = 0) 

! bl 

— 

0.2 

MAdc 


ON CHARACTERISTICS ID' 


DC Current Gain 


h FE 





(I c = 150 mAdc, V CE = 10 Vdc) 

2N2845, 2N2846 

30 

120 


2N2847, 2N2848 


40 

140 


(I c = 500 mAdc, V CE = 10 Vdc) 

2N2845, 2N2846 


20 

— 


2N2847, 2N2848 


30 

— 


(I c = 500 mAdc, V CE = 1 Vdc) 

All Types 


10 

— 


Collector-Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(Ic = 150 mAdc, I B = 15 mAdc) 

All Types 

— 

0.4 


(IC = 500 mAdc, Ib = 50 mAdc) 

2N2845, 2N2846 


— 

1.0 


2N2847, 2N2848 


— 

0.75 


Base-Emitter Saturation Voltage 


v BE(sat) 



Vdc 

(IC = 150 mAdc, I B = 15 mAdc) 


— 

1.2 


(IC = 500 mAdc, I B = 50 mAdc) 



— 

1.6 



DYNAMIC CHARACTERISTICS 


Current -Gain— Bandwidth Product 
(I c = 50 mAdc, V C e = 10 Vdc, f = 100 MHz) 

f T 

250 

_ 

MHz 

Output Capacitance 
(VCB = 10 Vdc, I E = 0, f = 140 kHz) 

c ob 

— 

8 .0 

pF 

Turn-On Time (Figure 1) 

(V cc = 1° vdc * !c * 15° mAdc, I R1 « 15 mAdc) 2N2845, 2N2846 

(Vcc = 6 Vdc, I c - 150 mAdc, I B1 * 15 mAdc) 2N2847, 2N2848 

*on 

- 

40 

25 

ns 

Turn-Off Time (Figure 2) 

( v cc = 10 vdc » k: * 15° mAdc, I B1 « I B2 *■ 15 mAdc) 2N2845, 2N2846 

(V CC " 6 Vdc, Ic * 150 mAdc, I B i » I B2 * 15 mAdc) 2N2847, 2N2848 

*off 



40 

40 

ns 


(D Pulse Test: Pulse Width = 300 ms; Duty Cycle = * 2% 


FIGURE 1 - TURN-ON TIME TEST CIRCUIT 


FIGURE 2 - TURN-OFF TIME TEST CIRCUIT 
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2n2857 (SILICON) 


NPN SILICON RF SMALL-SIGNAL TRANSISTOR 


designed primarily for use in high-gain, low-noise amplifier, oscil- 
lator, and mixer applications. Can also be used in UHF converter 
applications. 

• High Current-Gain— Bandwidth Product — 

fj = 1.6 GHz (Typ) @ lc = 8.0 mAdc 

• Low Noise Figure — 

NF = 4.5 dB (Max) @ f = 450 MHz 

• Low Collector-Base Time Constant - 

r b C c = 15 ps (Max) @ l£ = 2.0 mAdc 

• Characterized with Scattering Parameters 

• Ideal for Micro-Power Applications 


NPN SILICON 
RF SMALL-SIGNAL 
TRANSISTOR 



"MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

15 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltage 

V EB 

2.5 

Vdc 

Collector Current — Continuous 

•c 

40 

mAdc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

P D 

200 

1.14 

mW 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

"indicates JE DEC Registered Data. 





0J78 
0.195 U 


0.209 , 
o.23o r - 


in 


0.170 

0.210 


0^16 
0.019 U 


0.500 

MIN 



CASE 20(10) 
TO-72 PACKAGE 


Active Elements Isolated from Case 
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2N2857 (continued) 


"ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted) 


Characteristic 

Symbol 

Min | Typ | Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage** | 

(l c = 3.0 mAdc, l B = 0) 

BVceO 

15 

— 

— ' 

Vdc 

Collector-Base Breakdown Voltage 
(l C = 1 .0 juAdc, l E = 0) 

BVcbO 

30 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 juAdc, l C = 0) 

bv EBO 

2.5 

- 

- 

Vdc 

Collector Cutoff Current 
(V C B= 15 Vdc, l E = 0) 

'CBO 

- 

- 

0.01 

juAdc 

ON CHARACTERISTICS 

DC Current Gain 
(l c = 3.0 mAdc, V CE = 1.0 Vdc) 

h F E 

30 


150 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 0 
(l c = 5.0 mAdc, V C e = 6.0 Vdc, f = 100 MHz) 

*T 

1000 

- 



Collector-Base Capacitance 

(V C b= 10 Vdc, l E = 0,f = 0.1 to 1.0 MHz) 


- 

0.7 

1.0 

i 

Small-Signal Current Gain 

(l C = 2.0 mAdc, V C E = 6.0 Vdc, f = 1 .0 kHz) 

h fe 

50 

- 

220 

- 

Collector-Base Time Constant 
(l E = 2.0 mAdc, V CB = 6.0 Vdc, f = 31.9 MHz) 


4.0 

- 

15 

ps 

Noise Figure (Figure 1) 

(l E = 0.1 mAdc, Vce = 1 0 Vdc, R S = 50 ohms, f = 450 MHz) © 


_ 


■■ 

dB 

(l c = 1 .5 mAdc, V CE = 6.0 Vdc, R s - 50 ohms, f = 450 MHz) 


- 


II 



FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 

(l E = 0.1 mAdc, V C E = 1 0 Vdc, f = 450 MHz) © 

(l C = 1 .5 mAdc, V C E = 6.0 Vdc, f = 450 MHz) 

Gpe 

12.5 

11 

19 

dB 

Power Output (Figure 2) 

(l E = 12 mAdc, V CB = 10 Vdc, f = 500 MHz) 

p out 

30 

- 

— 

mW 


^Indicates JEDEC Registered Data. 

Motorola guarantees this data in addition to JEDEC Registered Data. 
(J) f j is defined as the frequency at which |hf e | extrapolates to unity. 

@ Micro-Power Specifications. 
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NF, NOISE FIGURE (dB) 


2N2857 (continued) 


FIGURE 1 - TEST CIRCUIT FOR NOISE 
FIGURE AND POWER GAIN 



FIGURE 2 - TEST CIRCUIT FOR 
OSCILLATOR POWER OUTPUT 



LI, L2 - Silver-plated brass rod, 1-1/2” long and 1/4" dia. Install 
at least 1/2" from nearest vertical chassis surface. 

L3 - 1/2 turn #16 AWG wire, located 1/4" from and 
parallel to L2. 

* - External interlead shield to isolate collector lead from 
emitter and base leads. 

Neutralization Procedure: 

(A) Connect 450-MHz signal generator (with Rs = 50ohms) 
to input terminals of amplifier. 

(6) Connect 50-ohm RF voltmeter across output terminals 
of amplifier. 


(C) Apply Vee. and with signal generator adjusted for 5 mV 
output from amplifier, tune Cl, C3, and C4 for 
maximum output. 

(0) Interchange connections to signal generator and 
RF voltmeter. 

(E) With sufficient signal applied to output terminals of 
amplifier, adjust C2 for minimum indication at input. 

(F) Repeat steps (A), (B), and (C) to determine if retuning 
is necessary. 


FIGURE 3 - NOISE FIGURE versus FREQUENCY 


FIGURE 4 - NOISE FIGURE versus SOURCE 
RESISTANCE AND COLLECTOR CURRENT 



f, FREQUENCY (MHz) 



FIGURE 5 - NOISE FIGURE versus SOURCE 
RESISTANCE AND COLLECTOR CURRENT 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 


1C, COLLECTOR CURRENT (mAdc) 
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yfe, FORWARD TRANSFER ADMITTANCE (mmhos) yj e , INPUT ADMITTANCE (mmhos) 


2N2857 (continued) 


FIGURE 6 - CURRENT-GAIN- 
BANDWIDTH PRODUCT 


FIGURE 7 - NOISE FIGURE AND POWER GAIN 
versus COLLECTOR CURRENT 



1.0 2.0 3.0 5.0 7.0 10 20 30 40 



0.1 0.2 0.5 0.7 1.0 2.0 5.0 7.0 10 


1C, COLLECTOR CURRENT (mAdc) 


1C, COLLECTOR CURRENT (mAdc) 


FIGURE 8 - INPUT ADMITTANCE 
versus FREQUENCY 


FIGURE 9 - OUTPUT ADMITTANCE 
versus FREQUENCY 



100 150 200 300 400 500 600 800 1000 


f, FREQUENCY (MHz) 

FIGURE 10 -FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 



100 150 200 300 400 500 600 800 1000 

f, FREQUENCY MHz) 

FIGURE 11 -REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 



100 150 200 300 400 500 600 800 1000 

f. FREQUENCY (MHz) 



200 300 400 500 600 

f, FREQUENCY (MHz) 


2-355 


G pe , POWER GAIN (dB) 



2N2857 (continued) 


FIGURE 12 - Sii, INPUT REFLECTION COEFFICIENT 


FIGURE 13 - S 2 2* OUTPUT REFLECTION COEFFICIENT 
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2n2894 (SILICON) 


PNP silicon annular transistor designed for low- 
level, high-speed switching applications. 

CASE 22 

(TO- 18) 


MAXIMUM RATINGS (T/\ = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector- Emitter Voltage * 

V CEO* 

12 

Vdc 

Collector-Base Voltage 

V 

V CB 

12 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current- Continuous 

*C 

200 

mAdc 

Total Device Dissipation @ = 25° C 

P D 

360 

mW 

Derate above 25°C 


2.06 

mW/°C 

Total Device Dissipation @ T c = 25° C 

P D 

1200 

mW 

Derate above 25° C 


6.85 

mW/'C 

Operating and Storage Junction 

Temperature Range 

T J' T stg 

-65 to +200 

°c 


* Applicable from 0. 01 to 10 mAdc. 



FIGURE 1 - SWITCHING TIME TEST CIRCUIT 
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2N2894 (continued^ 


ELECTRICAL CHARACTERISTICS < t A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector- Emitter Sustaining Voltage (1) 

(1^, = 10 mAdc, Ig = 0) 

BV CEO(sus) 

12 



Vdc 

Collector- Emitter Breakdown Voltage 
(I c = 10 M Adc, V BE = 0) 

bv ces 

12 

_ 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 10 ^Adc, I £ = 0) 

bv cbo 

12 

_ 

Vdc 

Emitter -Base Breakdown Voltage 
(I E = 100 M Adc, I c = 0) 

bv ebo 

4.0 

— 

Vdc 

Collector- Cutoff Current 
(V CE = 6 Vdc, V BE . 0) 

x ces 

— 

80 

nAdc 

Collector -Cutoff Current 
(V CB = 6 Vdc ’ l E = °» T A = 125 ° C) 

X CBO 

— 

10 

MAdc 

Base Current 

< V CE = 6VdC > V BE = 0) 

*B 

— 

80 

nAdc 


ON CHARACTERISTICS 


DC Current Gain ^ 

(I c = 10 mAdc, V CE = 0. 3 Vdc) 

h FE 

30 


- 

(I c = 30 mAdc, V CE = 0. 5 Vdc) 


40 

150 


(I c = 30 mAdc, V CE = 0. 5 Vdc, T A = -55° C) 


17 

- 


d c = 100 mAdc, V CE = 1.0 Vdc) 


25 

- 


Collector- Emitter Saturation Voltage U) 

(1^ = 10 mAdc, Ig = 1 mAdc) 

V CE(sat) 



0. 15 

Vdc 

d c = 30 mAdc, Ig = 3 mAdc) 


— 

0.2 


(I c = 100 mAdc, I B = 10 mAdc) 


— 

0. 5 


Base- Emitter Saturation Voltag Ml 
d^ = 10 mAdc, Ig = 1 mAdc) 

V BE(sat) 

0.78 

0.98 

Vdc 

d c = 30 mAdc, Ig = 3 mAdc) 


0.85 

1.2 


d c = 100 mAdc, I B = 10 mAdc) 


- 

1.7 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

d c = 30 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

400 



MHz 

Output Capacitance 
( V Cb = 5 Vdc, I £ = 0, f = 140 kHz) 

C ob 

— 

6.0 

pF 

Input Capacitance 

(Vg £ - -0. 5 Vdc, I c = 0, f = 140 kHz) 

c ib 

— 

6.0 

pF 

Turn-On Time, Figure 1 
<V cc =2Vdc V BE(on)-- 3Vdc - 
I c = 30 mAdc,' I B1 = 1.5 mAdc) 

‘on 


60 

ns 

Turn-Off Time, Figure 1 
(V cc = 2 Vdc, I c = 30 mAdc, 

^ 1=^2 = !. 5 mAdc) 

l off 


90 

ns 


(1) Pulse Test: Pulse Width = 300 ps; Duty Cycle = 1% 
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2n2895 (SILICON) 

2n2896 

2n2897 



NPN silicon annular transistors designed for small- 
signal amplifier and general purpose switching appli- 
cations. 


CASE 22 

(TO- 18) 


MAXIMUM RATINGS 


Rating 

Symbol 

2N2895 

2N2896 

2N2897 

Unit 

Collector-Emitter Voltage 

v 

V CEO 

65 

90 

45 

Vdc 

Collector-Emitter Voltage 

V 

V CER 

80 

140 

60 

Vdc 

Collector-Base Voltage 

V 

V CB 

120 

140 

60 

Vdc 

Emitter -Base Voltage 

V EB 

7.0 ► 

Vdc 

Collector Current 


1.0 ► 

Adc 

Total Device Dissipation @ = 25°C 

P D 


— 0. 5 - 


Watt 

Derate above 25° C 



-2.86 - 


mW/°C 

Total Device Dissipation @ T^ = 25°C 

P D 


- 1.8 - 


Watts 

Derate above 25° C 





mW/°C 

Operating and Storage Junction 

^J» ^stg 

_ 


°c 

Temperature Range 
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2N2895, 2N2896, 2N2897 (Continued) 


ELECTRICAL CHARACTERISTICS (T* = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 


BV CEO(sus) 



Vdc 

(I c = 100 mAdc, I B = 0) 

2N2895 

65 

- 


2N2896 


90 

- 



2N2897 


45 

- 


Collector-Emitter Breakdown Voltage <11 


bv cer 



Vdc 

(1^ = 100 mAdc, R be = 10 ohms) 

2N2895 

80 

- 


2N2896 


140 

- 



2N2897 


60 

- 


Collector- Base Breakdown Voltage 


bv cbo 



Vdc 

(I = 0. 1 mAdc, I = 0) 

2N2895 

120 

- 



2N2896 


140 

- 



2N2897 


60 

- 


Emitter- Base Breakdown Voltage 


bv ebo 



Vdc 

(I E = 0.1 mAdc, I c = 0) 


7.0 

- 


Collector Cutoff Current 


X C BO 



/iAdc 

(V CB = 6 °Vdc, I E = 0) 

2N2895 

- 

0.002 


2N2896 


- 

0.01 



2N2897 


- 

0.05 


(V CB = 60 Vdc, I E = 0, T a = +150”C) 

2N2895 

2N2897 


- 

2.0 

50 


(V CB = 90 Vdc, I E = 0) 

2N2896 


- 

0.01 


(V CB = 90 Vdc, I E = 0, T A = +150°C) 

2N2896 


- 

10 


Emitter Cutoff Current 


X EBO 



/mAdc 

(V BE =5.0 Vdc, I c =0) 

2N2895 

- 

0.002 


2N2896 


- 

0.01 



2N2897 


- 

0.05 



ON CHARACTERISTICS 


DC Current Gain 


h FE 



_ 

(I c = 10 /mAdc, V CE = 10 Vdc) 

2N2895 

10 

- 


(I c = 100 /mAdc, V CE = 10 Vdc) 

2N2895 


20 

- 


(I c =1.0 mAdc, V CE = 10 Vdc) 

2N2896, 2N2897 


35 

- 


(I c = 10 mAdc, V CE = 10 Vdc) 

2N2895 


35 

- 


(I c = 10 mAdc, V CE = 10 Vdc, = -55°C) 

2N2895, 2N2896 


20 

- 


(I c = 150 mAdc, V CE = 10 Vdc) ! (l) 

2N2895 


40 

120 


2N2896 


60 

200 



2N2897 


50 

200 


(I c = 500 mAdc, V CE = 10 Vdc) (1) 

2N2895 


25 

- 


Collector -Emitter Saturation Voltage O) 


V CE(sat) 



Vdc 

(1^-, = 150 mAdc, I B = 15 mAdc) 

2N2895, 2N2896 

- 

0.6 


2N2897 


" 

1.0 


Base-Emitter Saturation Voltage 


V BE (sat) 



Vdc 

(1^ = 150 mAdc, I_ = 15 mAdc) 

2N2895, 2N2896 

- 

1.2 



2N2897 



1.3 



DYNAMIC CHARACTERISTICS 


Current- Gain— Bandwidth Product 
(I r = 50 mAdc, V r „ = 10 Vdc, f = 20 MHz) 2N2895, 2N2896 

^ 2N2897 



- 

MHz 

Output Capacitance 
( V CB = 10 vdc > X E " °’ f = 100 kHz ^ 

C ob 



pF 

Input Capacitance 

(V BE = °* 5 vdc > l C = °» f = 100 kHz > 

c ib 

- 

80 

pF 

Small-Signal Current Gain 

(I p = 5. 0 mAdc, V r „ = 5. 0 Vdc, f = 1. 0 kHz) 2N2895 

^ ^ 2N2896, 2N2897 

h fe 

50 

50 

200 

275 

“ 

Noise Figure 

(I c =0.3 mAdc, V CE = 10 Vdc, R g = 500 ohms, 2N2895 

f = 1. 0 kHz, BW = 15 kHz) 

NF 

- 


■ 


(1) Pulse Test: Pulse Width ^ 300 /ms, Duty Cycle ^ 1.8%. 
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2n2903 (SILICON) 
2n2903A 



Case 654-04 
TO -78 


Dual NPN silicon transistors designed for differential 
amplifier applications. 



Pin Connections, Bottom View 
All Leads Electrically Isolated from Case 


MAXIMUM RATINGS (each side) 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

7.0 

Vdc 

Collector Current 

■c 

50 

mAdc 

Operating and Storage Junction 
Temperature Range 

T J’ T Stg 

-65 to +200 

°C 



One 

Side 

Both 

Sides 


Power Dissipation @ T a = 25° C 

P D 

200 

300 

mW 

Derate above 25 ? C 


1.14 

1. 71 

mW/° C 

Power Dissipation @T^, = 25® C 

P D 

600 

1200 

mW 

T c = 100°C 


350 

700 

mW 

Derate above 25° C 


3.43 

6.86 

mW/°C 


ELECTRICAL CHARACTERISTICS (each side) (T a — 25 C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage ^ 

(I_ = 10 rnAdc. I D = 0) 

L. D 

BV CEO(sus) 

30 

- 

Vdc 

Collector -Base Breakdown Voltage 
(I c = 10 /iAdc. I £ = 0) 

bv cbo 

60 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 0. 1 /i Adc, I c = 0) 

bv ebo 

7.0 

- 

Vdc 

Collector Cutoff Current 
(V CB = 50 Vdc. 1 E = 0) 

! cbo 

- 

0.01 

/iAdc 

(V CB = 50 Vdc. I E = 0, T a = 150' C) 


- 

15 


Emitter Cutoff Current 
(V BE =5 *° Vdc? I C =0) 

! ebo 

- 

0.01 

/iAdc 


^ Pulse Test: Pulse Width ? 300 jus, Duty Cycle % 2. 0%. 
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2N2903, 2N2903A (continued) 


ELECTRICAL CHARACTERISTICS (each side) (T a . 25 C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

ON CHARACTERISTICS 

DC Current Gain 
(I c = 10 /iAdc, V CE = 5.0 Vdc) 

h FE 

60 

_ 

- 

(I c = 10 /iAdc, V CE = 5.0 Vdc, T a = -55 c C) 


25 

- 


(I c = 1.0 mAdc, V CE =5.0 Vdc) 


125 

625 


(I c = 1.0 mAdc. V CE =5.0 Vdc, T A = -55° C) 


60 

- 


Collector-Emitter Saturation Voltage 

(I„ = 5. 0 mAdc, I„ = 0. 5 mAdc) 

L n 

V CE(sat) 

- 

1.0 

Vdc 

Base-Emitter Saturation Voltage 
(I = 5. 0 mAdc. I B = 0. 5 mAdc) 

V 

BE(sat) 


0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I _ = 5.0 mAdc, V^ = 10 Vdc. f = 30 MHz) 

L Cti 

f T 

60 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 140 kHz) 

C ob 

- 

8.0 

pF 

Input Capacitance 

(V np = 0. 5 Vdc. I_ = 0, f = 140 kHz) 

c ib 

- 

10 

pF 

Input Impedance 

(I„ = 1.0 mAdc, V«„ = 5. 0 Vdc, f = 1. 0 kHz) 

h. 

le 

1.0 

- 

k ohm 

Voltage Feedback Ratio 

(I_ = 1.0 mAdc, V„„ = 5.0 Vdc, f = 1.0 kHz) 

C 

h 

re 

- 

6.0 

-4 

X 10 

Small-Signal Current Gain 
(I_ =1.0 mAdc, V-^ = 5. 0 Vdc, f = 1. 0 kHz) 

C Ulli 

h, 

fe 

150 

600 

" 

Output Admittance 

(I„ =1.0 mAdc, V„„ =5.0 Vdc, f = 1. 0 kHz) 

h 

oe 

5.0 

30 

. i 

/imhos 

Input Impedance 

(1^ =1.0 mAdc, V^„ =5.0 Vdc, f = 1. 0 kHz) 

h. u 

lb 

20 

30 

ohms 

Voltage Feedback Ratio 
(I_ = 1.0 mAdc, V OD = 5.0 Vdc, f = 1. 0 kHz) 

O Ld 

h . 
rb 

- 

5.0 

_4 

X 10 

Output Admittance 

(I c =1.0 mAdc, V CB = 5.0 Vdc, £ = 1.0 kHz) 

h u 
ob 

- 

0.2 

/imho 

Noise Figure 

(I c = 10 pAdc, V CE = 5. 0 Vdc, R g = 10 k ohms, f = 1. 0 kHz) 

NF 

_ 

7.0 

dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio** 


h FEl /h FE2** 



- 

(I c =1.0 mAdc, V CE = 5. 0 Vdc) 

2N2903 

0.8 

1.0 


2N2903A 


0.9 

1.0 


Base Voltage Differential 


l V BEl' V BE2l 



mVdc 

(I c = 10 /iAdc, V CE = 5.0 Vdc) 

2N2903 

- 

10 


2N2903A 


- 

5.0 


Base Voltage Differential Gradient 


A ( V BEl" V BE2) 



nV/°c 

(I c = 10 /iAdc, V CE = 5.0 Vdc, T a = 

-55 c C to +125° C) 




2N2903 

aT a 

- 

20 



2N2903A 


- 

10 



** Lowest reading is taken as h-,^. for this ratio, 
r & r rbl 
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2n2904, A thru 2n2907, A(SILICON) 

2n3485, A, 2n3486, A 


PNP SILICON ANNULAR HERMETIC TRANSISTORS 

. . . designed for high-speed switching circuits, DC to VHF amplifier 
applications and complementary circuitry. 

• High DC Current Gain Specified - 0.1 to 500 mAdc 

• High Current-Gain-Bandwidth Product — 

fj = 200 MHz (Min) @ l C = 50 mAdc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0-4 Vdc (Max) @ lc = 150 mAdc 

• 2N2904,A thru 2N2907,A Complement to NPN 2N2218,A, 

2N2219,A, 2N2221,A, 2N2222,A 

• JAN/JTX Available, Except 2N3485 and 2N3486. 


SELECTOR GUIDE 


"MAXIMUM RATINGS 



Characteristic j 



bvceo 


h FE 



Device 

lc = 10 mAdc 

IC = 1-0 mAdc 

lc = 150 mAdc 

lc - 500 mAdc 


Type 

Volts 

Min 

Min 

Min 

Package 

2N 2904 

40 

25 

40 

20 

TO-5 

2N2905 



50 

100 

30 

2N2906 



25 

40 

20 

TO- 18 

2N2907 



50 

100 

30 

2N3485 



25 

40 

20 

TO-46 

2N3486 



50 

100 

30 

2N2904A 

60 

40 

40 

40 

TO-5 

2N2905A 



100 

100 

50 

2N2906A 



40 

40 

40 

TO-18 

2N2907A 



100 

100 

50 

2N 3485A 



40 

40 

40 

TO-46 

2N3486A 



100 

100 

50 


PNP SILICON 

SWITCHING AND AMPLIFIER 
TRANSISTORS 


Rating 

Symbol 

Non-A Suffix 

A-Suffix 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

v eb 

5.0 

Vdc 

Collector Current - Continuous 

'c 

600 

mAdc 



2N2904,A 

2N2905,A 

2N2906.A 

2N2907.A 

2N3485.A 

2N3486.A 


Total Device Dissipation 
@ T A = 25°C 

PD 

600 

400 

400 

mW 

Derate above 25°C 


3.43 

2.28 

2.28 

mW/°C 

Total Device Dissipation 

P D 

3.0 

1.8 

2.0 

Watts 

@ T C = 25°C 







Derate above 25°C 


17.2 

10.3 

11.43 

mW/°C 

Operating and Storage Junction 
Temperature Range 

TjTstg 

-65 to +200 

°C 


CASE 31 (1) 
TO-5 



J 

... 0.305 
0.335 

;!_L 

0.240 

0.260 

T 

1.50 

J_ 


t 

0.016 

07019 

H — 0.029 
|| ^ 0.045 \ 



CASE 26 
TO 46 

2N3485.A 

2N3486.A 


The respective JEDEC registered 
dimensions and notes apply 
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2N2904.A thru 2N2907,A/2I\I3485,A, 2N3486.A (continued) 


*ELECTRICAL CHARACTERISTICS (T/\ = 25° unless otherwise noted) 

Characteristic | Symbol | Min | Typ [ Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

< 1 c = 10 mAdc, lg = 0) Non-A Suffix 

A-Suffix 

bv C eo 

40 

60 

■ 

- 

Vdc 

Collector-Base Breakdown Voltage 
(1C = 10/uAdc, l E = 0) 

BVcbO 

60 

- 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, 1 q = 0) 

bvebo 


“ 

— 

Vdc 

Collector Cutoff Current 

(V C E = 30 Vdc, V BE = 0.5 Vdc) 

'CEX 

— 

— 

50 

nAdc 

Collector Cutoff Current 

(V CB = 50 Vdc, l E =0) Non-A Suffix 

A-Suffix 

(V CB = 50 Vdc, l E = 0, T A = 1 50°C) Non-A Suffix 

A-Suffix 

'cbo 

■ 

■ 

0.020 

0.010 

20 

10 

jitAdc 

Base Cutoff Current 
(V CE = 30 Vdc, V BE = 0.5 Vdc) 

•b 

- 

- 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 


h FE 




- 

(l C = 0.1 mAdc, V CE = 10 Vdc) 

2N2904.2N 2906, 2N 3485 


20 

- 

- 


2N2905,2N 2907, 2N 3486 


35 

- 

- 



2N2904A.2N2906A.2N3485A 


40 

- 

— 



2N2905A,2N2907A,2N3486A 


75 

- 

- 


(1 C = 10 mAdc, Vq E = 10 Vdc) 

2N 2904, 2N 2906, 2N 3485 


25 

- 

- 


2N2905.2N 2907, 2N 3486 


50 

- 

- 



2N 2904A,2N 2906 A,2N 3485A 


40 

- 

— 



2N2905A,2N2907A,2N3486A 


100 

- 

- 


Oc = 10 mAdc, V C E = 10 Vdc) 

2N2904,2N2906,2N3485 


35 

- 

- 



2N2905.2N 2907, 2N 3486 


75 

- 

- 



2N2904A,2N2906A,2N3485A 


40 

- 

- 



2N2905A,2N2907A,2N3486A 



- 

- 


(lC = 150 mAdc, V C e = 10 Vdc)(1) 

2N2904,A,2N2906,A,2N3485,A 


40 

- 

120 



2N2905,A,2N2907,A,2N3486,A 


100 

- 

300 


Oc = 500 mAdc, V C E = 10 Vdc)(D 

2N2904,2N2906,2N3485 


20 

- 

- 


2N2905,2N2907,2N3486 


30 

- 

- 



2N2904A,2N2906A,2N3485A 



- 

- 



2N2905A,2N2907A,2N3486A 



- 

- 


Collector-Emitter Saturation Voltaged ) 


VcE(sat) 


■ 


Vdc 

(l C = 150 mAdc, l B = 15 mAdc) 



- 


0.4 


Oc = 500 mAdc, l B = 50 mAdc) 



- 


1.6 


Base-Emitter Saturation Voltage 


v BE(sat) 




Vdc 

Oc = 150 mAdc, l B = 15 mAdc)(1) 



- 

- 



Oc = 500 mAdc, l B = 50 mAdc) 



- 

- 




DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product(2) 

(l C = 50 mAdc, V C £ = 20 Vdc, f = 100 MHz) 

it 

200 

- 

- 

MHz 

Output Capacitance 
(V C b = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

— 

— 

wm 

PF 

Input Capacitance 

(V BE = 2.0 Vdc, l C = 0, f = 100 kHz) 

Cib 

— 

— 

30 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = Vdc ' *C = 1B0 mAdc, 

1 b 1 = 15 mAdc) 

(Figure 15a) 

ion 

- 

26 

45 

ns 

Delay Time 

td 

- 

6.0 

10 

ns 

Rise Time 

t r 

- 

20 

40 

ns 

Turn-Off Time 

(V C c - 6.0 Vdc, l C = 150 mAdc, 

1 b 1 = 1 B2 = 15 mAdc) 

(Figure 15b) 

toff 

- 

70 

100 

ns 

Storage Time 

ts 

- 

50 

80 

ns 

Fall Time 

tf 

- 

20 

30 

ns 


* Indicates JE DEC Registered Data. 

< 1 >Pulse T est: Pulse Width ^ 300 /is, Duty Cycle ^ 2.0%. 

(2)f j is defined as the frequency at which |hf e | extrapolates to unity. 


2-365 

























































































2N2904,A thru 2N2907,A/2N3485,A, 2N3486,A (continued) 


FIGURE 1 - NORMALIZED DC CURRENT GAIN 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 lOO 200 300 500 


l c , COLLECTOR CURRENT (mA) 


FIGURE 2 - NORMALIZED COLLECTOR SATURATION REGION 



This graph shows the effect of base current on col- 
lector current, po (current gain at edge of saturation) is 
the current gain of the transistor at 1 volt, and p f (forced 
gain) is the ratio of Ic/Ibf in a circuit. 

EXAMPLE: For type 2N2905, estimate a base cur- 
rent (Ibf) to insure saturation at a temperature of 25 # C 
and a collector current of 150 mA. 

Observe that at lc = 150 mA an overdrive factor of 
at least 3 is required to drive the transistor well into 
the saturation region. From Figure 1, it is seen that 
h FE @ 1 volt is approximately 0.60 of h FE @ 10 volts. 
Using the guaranteed minimum of 100 @ 150 mA and 
10 V, po = 60 and substituting values in the overdrive 
equation, we find: 


Po h» @ 1 V 

pt Ic/Ibf 


3 = 


60 

150/I.f 


Ibf ~ 7.5 mA 



0 LLLiLl L-1J J 1— LLLLU — 1 III Ml U1J — 1 Ml II 

0.5 1.0 2.0 5.0 10 20 50 100 200 500 

l c , COLLECTOR CURRENT (mA) 


FIGURE 4 - TEMPERATURE COEFFICIENTS 
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hfe, SMALL-SIGNAL CUR RENT GAIN h ie , INPUT IMPEDANCE (k OHMS) NF. NOISE FIGURE (dB) 


2N2904,A thru 2N2907,A/2N3485,A, 2N3486,A (continued) 


SMALL-SIGNAL CHARACTERISTICS 

NOISE FIGURE 



h PARAMETERS 

V C E = 10 Vdc, f = 1 .0 kHz, T A = 25°C 


This group of graphs illustrates the relationship between hf e and other "h" parameters 
for this series of transistors. To obtain these curves, a high-gain and a low-gain unit were 
selected and the same units were used to develop the correspondingly numbered curves 
on each graph. 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 

l Cl COLLECTOR CURRENT (mAdc) 



05 l I I I I 1— 1— LLL1 I I I I I LU 1 1 I I 

‘ 0.1 0.2 0.5 1.0 2.0 5.0 10 20 

l c , COLLECTOR CURRENT (mAdc) 




0.1 0.2 0.5 1.0 2.0 5.0 10 20 0.1 0.2 0.5 1.0 2.0 5.0 10 20 


l c , COLLECTOR CURRENT (mAdc) 


l c , COLLECTOR CURRENT (mAdc) 
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t s , STORAGE TIME (ns) TIME (ns) 


2N2904,A thru 2N2907,A/2N3485,A, 2N3486,A (continued) 



10 l.i i Li j i L-i—i rsL ! i r k i i i i i L_i 

5.0 7.0 10 20 30 50 70 100 200 300 500 


l c , COLLECTOR CURRENT (mA) 


FIGURE 12 - CHARGE DATA 




5.0 7.0 10 20 30 50 70 100 200 300 500 



5.0 7.0 10 20 30 50 70 100 200 300 500 


l Cl COLLECTOR CURRENT (mA) 


l c , COLLECTOR CURRENT (mA) 


FIGURE 15a - DELAY AND RISE 
TIME TEST CIRCUIT 


FIGURE 15b - STORAGE AND FALL 
TIME TEST CIRCUIT 


INPUT 
Z 0 = 50 S2 
PRF = 150 PPS 
RISE TIME <2.0 ns 



-30 



INPUT 

Z 0 = 50 S2 


PRF = 

= 150 PPS 

RISE TIME <2.0 ms 

-30 V 




200 ns 

^ 


+15 V -6.0 
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2N2904,A thru 2N2907,A/2N3485,A, 2N3486,A (continued) 


FIGURE 16 - CURRENT-GAIN-BANDWIDTH PRODUCT 



0.1 01 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

l c , COLLECTOR CURRENT (mAdc) 



0.1 0.2 0.5 1.0 20 5.0 10 20 40 

REVERSE BIAS (VOLTS) 


FIGURE 18 - ACTIVE REGION SAFE OPERATING AREAS 



2.0 3.0 5.0 7.0 10 20 30 40 


VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


This graph shows the maximum Iq-VcE Hmits of the device 
both from the standpoint of thermal dissipation (at 25°C case 
temperature), and secondary breakdown. For case temperatures 
other than 25°C, the thermal dissipation curve must be modified 
in accordance with the derating factor in the Maximum Ratings 
table. 

To avoid possible device failure, the collector load line must 
fall below the limits indicated by the applicable curve. Thus, for 
certain operating conditions the device is thermally limited, and 
for others it is limited by secondary breakdown. 

For pulse applications, the maximum Iq-Vce product indicated 
by the dc thermal limits can be exceeded. Pulse thermal limits 
may be calculated by using the transient thermal resistance curve 
of Figure 19. 


FIGURE 19 - THERMAL RESPONSE 
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COLLECTOR CURRENT (AMP) 


2n2912 (GERMANIUM) 



CASE 8 


PNP high-speed, high-frequency power transistor 
especially designed for switching and power converter 
circuits operating from low-voltage power sources such 
as solar cells, thermo-electric generators, sea cells, 
fuel cells and 1. 5 volt batteries. 


MAXIMUM RATINGS 


Rating 

Symbol 

Rating 

Unit 

Collector -Emitter Voltage 

V 

V CEO 

5.0 

Vdc 

Collector-Base Voltage 

v 

V CB 

15 

Vdc 

Emitter -Base Voltage 

V EB 

1.5 

Vdc 

Collector Current -Continuous 

x c 

25 

Adc 

Base Current -Continuous 


3.0 

Adc 

Total Device Dissipation @ Tp = 35°C 

P D 

75 

Watts 

Derate above 35°C 

1.0 

W/°C 

Operating and Storage Junction 

T . T 

-65 to +110 

°c 

Temperature Range 

J’ stg 



Lead temperature 1/16" from case for 10 seconds = 240°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

*JC 

1.0 

°c/w 

Thermal Resistance, Case to Ambient 

*CA 

30 

°c/w 


FIGURE 1— ACTIVE-REGION SAFE OPERATING AREA 


25 


20 


15 


10 


5.0 



IT 





The 

— , , 

Safe Operating Area Curves in- 
e l c — V C e limits below which - 
device will not enter secondary 
(down. Collector load lines for “ 
ific circuits must fall within the 
cable Safe Area to avoid caus- " 
3 catastrophic failure. These 
es are applicable for all case “ 
eratures, however, the nominal _ 
jr-temperature derating is 75 ~ 
s minus 1.0 watt for each °C 


\ 


^ — dc 



dical 

the 


Vl 


- — 5 ms 

... 



brea 

spec 


\ 


^-1 ms or 

less 


appl 

ing 







curv 

temp 



| 




powr 
watt: 


\ 

1 




wher 

T c ^ 35' 

>C. 



1 

i-i 





















500 mA 


- 

^10 m 

A 






V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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2N2912 (continued) 

ELECTRICAL CHARACTERISTICS (T c = 25*C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 


BV * 

ay CEO 



Vdc 

(I c = 500 mAdc, I 0 = 0) 


5.0 

— 


Collector-Emitter Sustaining Voltage* 

(I c = 500 mAdc, Ig = 0) 


BV * 

“ V CEO(sus) 

5.0 

— 

Vdc 

Collector Cutoff Current 


^ES 



mAdc 

<V CE * 15 VdC ' V BE=°> 


— 

10 


Collector Cutoff Current 


J CER 



mAdc 

(V CE = 15 Vdc, R be = 5.0 ohms) 


— 

10 


Collector Cutoff Current 


! CEX 



mAdc 

< V CE = 15 Vdc > V BE(off) =0 - 2 Vdc) 


— 

10 


(V CE = 5.0 VdC, V EB(o(() = 0.2 Vdc, T c = 85°C) 

' 


— 

15 


Collector Cutoff Current 


! cbo 



mAdc 

(V CB = 15 Vdc, I E = 0) 


— 

10 


Emitter Cutoff Current 


^BO 



mAdc 

(V B E * 1- 5 Vdc , I C = °) 



50 



ON CHARACTERISTICS 


DC Current Gain 

(I c = 10 Adc, V CE = 2.0 Vdc) 

2 

h FE 

150 



— 

(I c = 5. 0 Adc, V CE = 2. 0 Vdc) 



200 

800 


Collector-Emitter Saturation Voltage 
d c = 5. 0 Adc, Ig = 0. 5 Adc) 

2 

V CE(sat) 



0. 12 

Vdc 

d c = 25 Adc, I B = 2. 5 Adc) 



— 

0.5 


Base -Emitter Saturation Voltage 
d c = 5. 0 Adc, Ig = 0. 5 Adc) 


V BE(sat) 



! 

0.5 

Vdc 

d c = 25 Adc, Ig = 2. 5 Adc) 



— 

1.2 



DYNAMIC CHARACTERISTICS 


Current -Gain — Bandwidth Product 

d c = 5. 0 Adc, V CE = 2. 0 Vdc, f = 1. 0 MHz) 


f T 

10 

— 

MHz 

Rise Time 

(V cc = 10 Vdc, I c = 5.0 Adc) 

3 

l r 

— 

2.0 

txs 

Storage Time 

(V cc = 10 Vdc, I c = 5. 0 Adc) 

3 

l 8 

— 

10 

MS 

Fall Time 

(V cc = 10 Vdc, I c = 5. 0 Adc) 

3 

‘f 

- 

2.0 

MS 


♦Sweep Test: 1/2 Cycle sine wave, 60 Hz 


FIGURE 2 — TYPICAL COLLECTOR CHARACTERISTICS 



V C e, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 3 - SWITCHING TIME TEST CIRCUIT 
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2n 2913 thru 2 n2920 (SILICON) 


2N2972 thru 2N2979 


2N2919JAN 
2N2920 JAN 


* AVAILABLE 
& JTX 


Dual NPN silicon annular transistors, especially 
designedfor low-level, low-noise differential-amplifier 
applications, feature very high Beta guaranteed from 
10 fiAdc to 1.0 mAdc and excellent noise character- 
istics. 




2N2972 

thru 

2N2979 


CASE 635 
(TO-71) 



2N2913 

thru 

2N2920 


Pins 4 and 8 omitted 


CASE 654-04 



Pin Connections, Bottom View 
Ail Leads Electrically Isolated From Case 


MAXIMUM RATINGS (each side) (Ta = 25°C unless otherwise noted) 


Rating 

Symbol 

2N2913-18 

2N29 19-20 

Unit 

2N2972-77 

2N2978-79 

Collector-Emitter Voltage 

v 

CEO 

45 

60 

Vdc 

Collector -Base Voltage 

V CB 

45 

60 

Vdc 

Emitter- Base Voltage 

V EB 

6.0 

Vdc 

Collector Current 

! c 

30 

mAdc 

Operating and Storage Junction Temperature Range 

T J- T stg 

-65 to +200 

°C 



■Esau 

Both 





Sides 


Total Device Dissipation @ T^ = 25°C 

P D 




Case 654-04 


300 

600 

mW 

Derate above 25°C 


mam 

3.4 

mW/°C 

Case 65 5 



300 

mW 

Derate above 25°C 


WmSMrn 

1.72 

mW/°C 

Total Device Dissipation @ T^ = 25°C 

P D 

■ 



Case 654-04 




mW 

Derate above 25°C 




mW/°C 

Case 655 


500 

750 

mW 

Derate above 25°C 


2.85 

4.3 

mW/°C 
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2N2913 thru 2N2920, 2N2972 thru 2N2979 (continued) 


ELECTRICAL CHARACTERISTICS (each side) (T A = 25 B C unless otherwise noted) 


1 Min 

Typ 

Max 

Unit 


Symbol 


Characteristic 


OFF CHARACTERISTICS 


Collector -Emitter Sustaining Voltage 


£>v CEO(sus) 




Vdc 

(I c = 10 mAdc , I B = 0) 

2N2913 thru 18, 2N2972 thru 77 

45 


- 


2N2919, 2N2920, 2N2978, 2N2979 


60 


- 


Collector- Base Breakdown Voltage 


bv cbo 




Vdc 

(I = 10 MAdc, I = 0) 

2N2913 thru 18, 2N2972 thru 77 

45 


- 



2N2919, 2N2920, 2N2978, 2N2979 


60 


- 


Emitter- Base Breakdown Voltage 


bv ebo 




Vdc 

(I E = 10 ^Adc, I c = 0) 


6.0 


- 


Collector Cutoff Current 


! ceo 




juAdc 

(V C E=5.°Vd c , I B =0) 


- 


0.002 


Collector Cutoff Current 


! cbo 




M Adc 

(V CB = 45 Vdc, I E = 0) 

2N2913 thru 18, 2N2972 thru 77 

- 

- 

0.010 


2N2919, 2N2920, 2N2978, 2N2979 


- 

- 

0.002 


(V CB = 45 Vdc, I E = 0, T a = 150°C) 

All Types 


- 

- 

10 


Emitter Cutoff Current 


X EBO 




juAdc 

(V EB = 5.0Vdc, I c =0) 


- 


0. 002 



ON CHARACTERISTICS 


DC Current Gain (1) 

(I = 10 /i Adc, V =5.0 Vdc) 2N2913, 15, 17, 19, 2N2972, 74, 76, 78 

2N2914, 16, 18,20, 2N2973, 75, 77, 79 

(I = 10 MAdc, V =5.0 Vdc, T . = -55°C) 2N2913, 15, 17, 19, 2N2972, 74, 76, 78 

2N2914, 16, 18,20, 2N2973, 75, 77, 79 

(I = 100 MAdc, V =5.0 Vdc) 2N2913, 15, 17, 19, 2N2972, 74, 76, 78 

^ ^ 2N2914, 16, 18,20, 2N2973, 75, 77, 79 

(I =1-0 mAdc, V =5.0 Vdc) 2N2913, 15, 17, 19, 2N2972, 74, 76, 78 

L ^ 2N2914, 16, 18,20, 2N2973, 75, 77, 79 

h FE 

60 

150 

15 

30 

100 

225 

150 

300 

- 

240 

600 


Collector -Emitter Saturation Voltage 
(I c = 1. 0 mAdc, I B = 0. 1 mAdc) 

V CE(sat) 

- 

- 

0.35 

Vdc 

Base-Emitter On Voltage 
(I c = 100 MAdc, V CE =5.0 Vdc) 

V BE(on) 

- 

- 

0.7 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current- Gain— Bandwidth Product 


f T 




MHz 

(I c = 500 MAdc, V CE = 5. 0 Vdc, f = 20 MHz) 



60 

- 

- 


Output Capacitance 


C ob 




pF 

(V CB = 5. 0 Vdc, I £ = 0, f = 140 kHz) 


- 

4.0 

6.0 


Input Impedance 


h ib 




ohms 

(I c =1.0 mAdc, V CB = 5. 0 Vdc, f = 1. 0 kHz) 


25 

28 

32 


Output Admittance 


h ob 




Mmhos 

(I c =1.0 mAdc, V CB = 5. 0 Vdc, f = 1.0 kHz) 


- 

- 

1.0 


Noise Figure 


NF 




dB 

(I c = 10 MAdc, V CE =5.0 Vdc, R g = 10 k ohms, 
f = 1. 0 kHz, BW = 200 Hz) 2N2914, 16, 18, 20, 

2N2973, 75, 77, 79 



2.0 

3.0 


2N2913, 15, 17, 19, 

2N2972, 74, 76, 78 


- 

3.0 

4.0 


(I c = 10 MAdc, V CE = 5.0 Vdc, R g = 10 k ohms, 



- 




f = 10 Hz to 15. 7 kHz, BW = 10 kHz) 2N2914, 16, 18, 20, 

2N2973, 75, 77, 79 



2.0 

3.0 


2N2913, 15, 17, 19, 

2N2972, 74, 76, 78 



3.0 

4.0 


DC Current Gain Ratio** 


h FEl/ h FE2** 




. 

(I = 100 MAdc, V = 5. 0 Vdc) 2N2917, 18, 

C ^ 2N2915, 16, 19,20, 

2N2976, 77 

0.8 

- 

1.0 


2N2974, 75,78,79 


0.9 

- 

1.0 


Base Voltage Differential 


| V BE1~ V BE2 | 




mVdc 

(Ip = 10 MAdc to 1. 0 mAdc, V _ =5.0 Vdc) 2N2917, 18. 

C 2N2915, 16, 19,20, 

2N2976, 77 

- 

- 

10 


2N2974, 75, 78, 79 


- 

- 

5.0 


(Ip = 100 MAdc, V p „ = 5.0 Vdc) 2N2917, 18, 

2N2915, 16, 19,20, 

2N2976, 77 


- 

- 

5.0 


2N2974, 75, 78, 79 


- 

- 

3.0 


Base Voltage Differential Gradient 
(Ip = 100 MAdc, V„„ = 5.0 Vdc, T. = -55°C to +25°C) 

^ ^ A 2N2917, 18, 


A(V BE1' V BE2^ 




mVdc 

2N2976, 77 


- 

- 

1.6 


2N2915, 16, 19,20, 

(I p = 100 MAdc, V r „ = 5. 0 Vdc, T. = +25°C to +125°C) 

^ ^ A 2N2917, 18, 

2N2974, 75, 78, 79 



' 

0.8 


2N2976, 77 


- 

- 

2.0 


2N2915, 16, 19,20, 

2N2974, 75, 78, 79 


- 

- 

1.0 



ID Pulse Test: Pulse Width s 300 ms, Duty Cycle S 2.0%. 
** The lowest hp E reading is taken as hpgj for this ratio. 
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NORMALIZED DC CURRENT GAIN 


2n2929 (GERMANIUM) 



Collector connected to case 


PNP germanium epitaxial mesa transistor for low 
noise, broadband, power and driver amplifier appli- 
cations. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 


25 

Vdc 

Collector-Emitter Voltage 

V CES 

25 

Vdc 

Collector- Emitter Voltage 

v CEO 

10 

Vdc 

Emitter- Base Voltage 

V EB 

0.75 

Vdc 

Collector Current 

ic 

100 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

300 

mW 

Derate above 25°C 


4.0 

mW/°C 

Total Device Dissipation @ T c = 25°C 

P D 

750 

mW 

Derate above 25°C 


10 

mW/°C 

Junction Temperature 

Tj 

100 

°C 

Storage Temperature Range 

T stg 

-65 to +100 

°c 


NORMALIZED DC CURRENT GAIN CHARACTERISTICS 



-1 -2 -5 -7 -10 -20 -50 -70 -100 

i c , COLLECTOR CURRENT (mAdc) 
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2N2929 (Continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise notedl 



Characteristic 

Sym 

Test Conditions 

Collector-Base Breakdown Voltage 

BV CBO 

Ic = 100 /iAdc, Ig = 0 

Collector- Emitter Breakdown Voltage 

bv ces 

Ic = 100 ju Adc, V EB = 0 

Collector- Emitter Breakdown Voltage 

bv ceo 

Ic = 10 mAdc, Ig = 0 

Emitter-Base Breakdown Voltage 

BVeBO 

I E = 1 mAdc, Ic = 0 

Collector Cutoff Current 

*CBO 

V CB = 10 Vdc, Ig = 0 

v Cb = 10 Vdc, Ig = 0, T a = + 55°C 

Emitter Cutoff Current 

J EBO 

V EB = °- 5 vdc > X C = 0 

DC Forward Current Transfer Ratio 

h FE 

V CE = 10 Vdc, Ic = 10 mAdc 

Collector- Emitter Saturation Voltage 

v CE(sat) 

Ic = 50 mAdc, Ig = 10 mAdc 


E3SE33I 


Max Unit 


Vdc 


0.75 1.5 


0.15 



Base-Emitter Saturation Voltage v BE(sat) ! C = 50 mAdc > j b = 10 mAdc 


Small-Signal Forward Current 
Transfer Ratio 


Current Gain - Bandwidth Product f_ 


Collector-Base Time Constant 

Real Part of Small-Signal Short 
Circuit Input Impedance 

Collector-Base Capacitance 


Power Gain 


1 C = 

10 mAdc, V CE 

= 10 Vdc, f = 

1 kHz 

ic = 

10 mAdc, Vce 

= 10 Vdc, f = 

100 MHz 

J c = 

20 mAdc, V C e 

= 10 Vdc, f = 

100 MHz 

l c = 

40 mAdc, V CE 

= 10 Vdc, f = 

100 MHz 

V CB 

= 10 Vdc, Ig = 

20 mAdc, f = 

31.8 MHz 

l C = 

10 m A, Vcj] — 

10 V, f = 1000 MHz 

V CB 

= 10 Vdc, Ig = 

0, f = 100 kHz 


V CE 

= 10 Vdc, I c = 

10 mAdc, f = 

60 MHz 

V CE 

= 10 Vdc, I c * 

10 mAdc, f = 

200 MHz 


0.55 

1.0 

35 

120 



v Ce = 10 Vdc, I c = 2 Adc, f = 200MHz 
R r = 50 ft 



NOISE FIGURE versus FREQUENCY 


MAXIMUM AVAILABLE GAIN versus FREQUENCY 





f. FREQUENCY (MHz) 


f. FREQUENCY .(MHz) 
















































2n2944 (SILICON) 

2n2945 

2n2946 


PNP silicon annular transistors designed for low-level, 
high-speed chopper applications. 

MAXIMUM RATINGS 


Rating 

Symbol 

2N2944 

2N2945 

2N2946 

Unit 

Emitter -Collector Voltage 

V ECO 

10 

20 

35 

Vdc 

Collector -Base Voltage 

V CB 

15 

25 

40 

Vdc 

Emitter-Base Voltage 

V EB 

15 

25 

40 

Vdc 

Collector Current 

! c 

100 

mAdc 

Total Device Dissipation @ 

P D 


— 500 — 


mW 

T a = 25°C 






Derate above 25° C 




— 2.8 


mW/°C 

Total Device Dissipation @ 

P D 



— 2.0 — 


Watts 

T c = 25° C 






Derate above 25° C 



— 11.4 — 


mW/°C 

Operating and Storage Junction 

T j> T s tg 

- 

-65 to +20C 



°C 

Temperature Range 








ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector Cutoff Current 
(V C0 = 15 Vdc, Ig = 0) 

2N2944 

X CBO 

■■ 

H 

0.1 

nAdc 

(V CB = 25 Vdc, Ig =0) 

2N2945 




0.2 


(V CB = 40 Vdc, Ig = 0) 

2N2946 



■ 

0.5 


Emitter Cutoff Current 
(V EB = 15 Vdc, I c = 0) 

2N2944 

X EBO 


■j 

0.1 

nAdc 

(V EB = 25 Vdc > J C = 0) 

2N2945 




0.2 


(V eb = 40 Vdc, I c = 0) 

2N2946 



Si 

0.5 



ON CHARACTERISTICS 


DC Current Gain 


h FE 




■ ■ 

(I c = 1. 0 mAdc, V CE = 0. 5 Vdc) 

2N2944 

80 

180 

HH 

■ 

2N2945 


40 

160 


■ ■ 


2N2946 


30 

130 

■ 


Forward Current Transfer Ratio (inverted connection) 


h FE(inv) 



■ ■ 

_ 

(I c = 200 MAdc, V CE =0.5 Vdc) 

2N2944 

6.0 

20 

j|Hflgg 


2N2945 


4.0 

17 




2N2946 


3.0 

15 

WKSm 


Offset Voltage 


V EC(off) 




mVdc 

(Ig = 200 nAdc, Ig = 0) 

2N2944 

- 

0. 18 

0.3 


2N2945 


- 

0.23 

0.5 



2N2946 



0.27 

0.8 


(I B = 1.0 mAdc, Ig = 0) 

2N2944 


_ 

0.4 

0.6 


2N2945 


- 

0.5 

1.0 



2N2946 


. - - 

0.6 

2.0 


(I B = 2.0 mAdc, Ig =0) 

2N2944 


. 

0.8 



2N2945 


- 

0.9 

■9 



2N2946 


- 

1.0 




DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 


f T 

Mi 


IKII 

MHz 

(I c = 1. 0 mAdc, V CE =6.0 Vdc, f = 1. 0 MHz) 

2N2944 


1 

15 



2N2945 


| 

13 

| 



2N2946 


m 

12 

| 


Output Capacitance 


C ob 




pF 

( V CB = 6 *° vdc » J E = °* f = 500 k 112 ) 


- 

3.2 

10 


Input Capacitance 


c ib 




pF 

(V EB = 6. 0 Vdc, I c = 0, f = 500 kHz) 


- 

1.9 

6.0 


Dynamic On Series Resistance 


r ec(on) 


m 


Ohms 

(I c = 100 ^Adc, I B = 1.0 mAdc, =0, f = 1. 0 kHz) 

2N2944 

- 

Wsm 

20 


2N2945 


- 

in 

35 



2N2946 


- 

mm 

45 
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2n2947(silicon) 

2n2948 


NPN silicon annular transistors for power amplifier 
applications to 100 MHz. 


CASE 1 

(TO-3) 

Collector connected to case 



MAXIMUM RATINGS* 


Rating 

Symbol 

2N2947 

2N2948 

Unit 

Collector- Base Voltage 

V CB 

60 

40 

Vdc 

Collector- Emitter Voltage 

V CES 

60 

40 

Vdc 

Emitter - Base Voltage 

V EB 

3.0 

2.0 

Vdc 

Collector- Current (continuous) 

J c 

1.5 

Adc 

Base-Current (continuous) 

! b 

500 

mAdc 

Power Input (Nominal) 

p. 

in 

5.0 

Watts 

Power Output (Nominal) 

P out 

20.0 

Watts 

Total Device Dissipation 
@ 25 °C Case Temperature 

Derating Factor above 25 °C 

P D 

25.0 

167 

Watts 

mW/°C 

Junction Temperature 

m 

175 

°c 

Storage Temperature Range 

T 

stg 

-65 to + 175 

°c 


*The maximum ratings as given for dc conditions can be 
exceeded on a pulse basis. See electrical characteristics. 
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2N2947, 2N2948 (Continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Test Conditions 


Typ 

Max 

Unit 

Collector- Emitter 
Sustain Voltage 

v n)’ 

V CES (sus) 

2N2947: I c = 0.250 A, Rq E = 0 

90 

120 

B 

Volts 


2N2948 I c = 0. 250A, Rg E = 0 

80 

100 

1 


Collector- Emitter- 
Open Base 

v ^ 

CEO(sus) 

2N2947’ I c = 0. 250A, I Q = 0 

40 

Bi 

■ 

Volts 

Sustain Voltage 


2N2948 I c = 0.250A, lg = 0 

20 




Collector- Emitter- 
Current 

! ces 

2N2947: V CE = 60 Vdc, Vg £ = 0 

B 

■ 

0.5 

mAdc 



V CE = 5° v dc, V BE = 0, T C = 175‘C 


1 

1.0 




2N2948 V__ = 40 Vdc, V D _ = 0 

L £j oHj 

B 

■ 

0.5 




V CE = 30Vde > V BE = °’ T c -175'C 

B 

■ 

1.0 


Collector Cutoff 

Current 

X CBO 

2N2947 V CB = 50 Vdc, I E = 0 

B 

■ 

1.0 

/i Adc 



2N2948. V CB = 30 Vdc, I E = 0 

B 

■ 

1.0 


Emitter Cutoff 

Current 

! ebo 

2N2947: V £B = 3 Vdc, I c = 0 

B 

■ 

100 

/iAdc 



2N2948- V EB = 2 Vdc, I c = 0 

m 

El 

100 


DC Current Gain 

h FE 

2N2947: I c = 400 mAdc, V C£ = 2Vdc 

6.0 

M 

60 




2N2948- I c = 400 mAdc, V C£ = 2 Vdc 


1 

100 




Both Types. I = 1 Adc, V C£ = 2 Vdc 

B 

■ 

-- 


Collector- Emitter 
Saturation Voltage 

V CE(sat) 

I c = 1. 0 Adc, Ig = 500 mAdc 

B 

■ 

0.5 

Vdc 

Base-Emitter 

Saturation Voltage 

V BE(sat) 

I c = 1.0 Adc, I B = 500 mAdc 

■ 

-- 

2.0 

Vdc 

AC Current Gain 


V CE = 2.0 Vdc, I c = 400 mAdc, f = 50 MHz 

2.0 

-- 

-- 


Collector Output 
Capacitance 

C ob 

V CB = 25 Vdc, I E =0, f = 100 kHz 

B 

■ 

60 

PF 

Power Input 

P in 

P out “ 15 W ’ f = 50 MHz ’ v ce 25 Vdc 

- 

2.0 

3.0 

Watts 

Efficiency 

r) 

W)- 1A 2N2947 

60 

80 

- 

% 

Power Input 

Pin 

P out = 15 w > I = 30 MHz . V CE = 25 Vdc 

- 

2.0 

3.0 

Watts 

Efficiency 

ft 

__ _j 

I C(max) = 10A 2N2948 

60 

70 

- 

% 


(1) Pulse Measurement: Pulse Width s 100 ns, Duty Cycle =2.0%. 
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, POWER OUTPUT (WATTS) P.„t, POWER OUTPUT (WATTS) 


2N2947,2N2948 (continued) 



POWER OUTPUT versus COLLECTOR VOLTAGE 


POWER OUTPUT versus POWER INPUT 



V ct , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



P,„, POWER INPUT (WATTS) 
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COLLECTOR CURRENT (Adc) 







2n2949 (SILICON) 
2n2950 


NPN silicon annular transistors for power amplifier 
and driver applications to 100 MHz. 


Symbol 




CASE 23 V CASE 24^ tWIW 

(TO-107) (TO-102) Collector connected to case; 

2N2949 2N2950 stud is0,ated from case 

MAXIMUM RATINGS* 


Rating 


Collector- Base Voltage 


Collector- Emitter Voltage 


Emitter - Base Voltage 


Collector Current (Continuous) 


Base Current (Continuous) 


RF Input Power (Norn) 


RF Output Power (Nom) 


Total Device Dissipation 
(25°C Case temperature) 
(Derating Factor above 25° C) 


Total Device Dissipation at 
25° Ambient 

(Derating Factor above 25°C) 


Junction Temperature 


Storage Temperature Range 


* The maximum ratings as given for dc conditions can be exceeded on a pulse basis. See Electrical 
Characteristics. 



POWER OUTPUT versus COLLECTOR VOLTAGE 


POWER OUTPUT versus POWER INPUT 






> 




> 






P j(l = 0.25W 
f = 50 MHz 

T c =. 25 *C 

1 











v« — 

25V ^/ 


/ 


/ 



z 




f = 50 MHz 
_T C = 25°C 


5 10 15 20 

V CEl COLLECTOR-EMITTER VOLTAGE (VOLTS) 


0.2 0.3 

P in> POWER INPUT (WATTS) 
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„„ POWER OUTPUT (WATTS) 


2N2949, 2N2950 (Continued) 



Characteristic 


Collector- Emitter Sustain Voltage 


Collector Emitter- Open Base 
Sustain Voltage 


Collector- Emitter Current 


Collector - Cutoff Current 


Emitter -Cutoff Current 


Collector -Emitter Saturation 
Voltage 


Emitter-Base Saturation Voltage 


Collector Output Capacitance 


Symbol Test Conditions Min Typ Max Unit 



=0. 250 A, R =0 


3 Vdc, I =0 




=3.5 watts, f=50 MHz 
out 

v cE =25Vdc -Wr 325 mA 



Pulse Width s 100 ns, Duty Cycle = 2% 


POWER OUTPUT versus FREQUENCY 


OUTPUT CHARACTERISTICS versus POWER INPUT 





0 60 80 100 200 300 

f, FREQUENCY (mh/.j 


t = 50 MHz - 
T c = 25°C 

0.1 0.2 0.3 0.4 0.5 

P 1B> POWER INPUT (WATTS) 


COLLECTOR CURRENT (mA) 





















































2n2951 (SILICON) 
2n2952 




NPN silicon annular Star transistors for power am- 
plifier applications to 100 MHz. 


MAXIMUM RATINGS* 


Rating 

Symbol 

Value 

Units 

Collector- Base Voltage 

V CB 

60 

Vdc 

Collector- Emitter Voltage 

V CES 

60 

Vdc 

Emitter- Base Voltage 

V EB 

5. 

0 

Vdc 

Collector Current (continuous) 

x c 

250 

mAdc 

Base Current (continuous) 

! b 

50 


mAdc 

Total Device Dissipation 

(25°C Case Temperature) 

P D 

2N2951 

3.0 

Bl 

Watts 

(Derate above 25° C) 


20 

H 

mW/°C 

Total Device Dissipation 

(25° C Ambient Temperature) 
(Derate above 25°C) 

P D 

0.8 

5. 33 

0.5 

3.33 

mW/’C 

Junction Temperature 

T J 

-65 to 175 

°c 

Storage Temperature Range 

T Stg 

-65 to 175 

°c 


* The maximum ratings as given for dc conditions can be exceeded on a pulse basis. 
See Electrical Characteristics. 
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2N2951, 2N2952 (Continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Conditions 

Min 

Max 

Unit 

Collector- Emitter Current 

^ES 

V CE = 60Vdc, V BE » 0 

■ 

100 

MAdc 



V CE = 50V dc, V BE - 0, T c = 175°C 

B 

500 

MAdc 

Collector Cutoff Current 

X CBO 

V GB = 50VdC ' V 0 

— 

0.1 

MAdc 

Emitter Cutoff Current 

X EBO 

V EB = 5 VdC > *C “ 0 

— 

100 

MAdc 

DC Current Gain 

h FE 

I c = 10 mAdc, V CE = lOVdc 

20 

150 

■ 



I c = 150mAdc', V CE = 10 Vdc* 

20 

- 

fl 

Collector- Emitter Saturation Voltage 

V CE(sat) 

I~ = 150 mAdc, I_ = 15 mAdc 

U B 

- 

0.5 

Vdc 

Base-Emitter Saturation Voltage 

V BE (Sat) 

I_ = 150 mAdc, 1=15 mAdc 

C B 

■ 

2.0 

Vdc 

Collector- Emitter Sustain Voltage 

^CES(sus) 

I c = 100 mA, R be = 0 

30 

B 

Volts 

Collector- Emitter Open Base (1) 
Sustain Voltage 

V CEO(sus) 

= 100 mA, I =0 

C B 

20 

■ 

Volts 

AC Current Gain 

■w 

V 0 „ = 10 Vdc, I_ = 10 mAdc 

CrLi C 

4.0 

B 

■ 


IH 

f = 50 MHz 


II 

1 

Collector Output Capacitance 

C ob 

V CB = 10 VdC ’ T E =0 > f = 100 kHz 

■ 

8.0 

PF 

Power Input 

P in 

Test Circuit Fig. 1 

P = 600 mW 

out 

■ 

100 

mW 



f = 50 MHz 

■ 





V CE = 13.6 Vdc 

! C(max) = 125 mA 

1 



Efficiency 

rj 


35 

-- 

% 


(0 Pulse Width = 100 ms, Duty Cycle = 2% 
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Bf , POWER OUTPUT(mW) P ouff POWER OUTPUT(mW) 


2N295T, 2N2952 (Continued) 



1 2 4 6 8 10 20 40 60 80100 200 300 

f, FREQUENCY(iMHz) 


OUTPUT CHARACTERISTICS versus POWER INPUT 



P in , POWER INPUT(mW) 


POWER OUTPUT versus COLLECTOR VOLTAGE 


600 


200 


0 


f = 50* 

Pin = 10 

T c = 25 

4Hz 

OmW 

C 








\ 

\ 





/ 





/ 





/ 

/ 





/ 







0 5 10 15 20 25 30 

V C£l COLLECTOR-EMITTER VOLTAGE (VOLTS) 



P in , POWER INPUT(mW) 


FIGURE 1 — POWER OUTPUT AND POWER GAIN CIRCUIT 



Transistor must be mounted with heat sink. 
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COLLECTOR CURRENT(mA) 



2N2955 (GERMANIUM) 

2n2956 

2n2957 


CASE 22 

(TO- 18) 



Collector connected to case 


PNP germanium epitaxial mesa transistors for high- 
speed switching applications. 


MAXIMUM RATINGS { t a = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V C B 

40 

Vdc 

Emitter- Base Voltage 

V EB 

3.5 

Vdc 

2N2955 


25 


Collector- Emitter Voltage 2N2956 

V CEO 

20 

Vdc 

2N2957 

18 


Collector Current 


100 

mAdc 

Junction Temperature 

T J 

100 

°C 

Storage Temperature 

T stg 

-65 to +100 

°c 

Total Device Dissipation at 25°C 




Case Temperature 

(Derate 4 mW/°C above 25°C) 

P D 

300 

mW 

Total Device Dissipation at 25°C 




Ambient Temperature 
(Derate 2 mW/°C above 25°C) 

P D 

150 

mW 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Unit 

Collector-Base Breakdown Voltage 



bv cbo 



mm 

Vdc 

(I q = 100 MAdc, Ig = 0) 



40 

60 

B 


Emitter-Base Breakdown Voltage 



BVebO 



| 

Vdc 

(IE = 100 MAdc, 1q = 0) 



3.5 

5.0 



Collector- Emitter Breakdown Voltage 


8 

bv ceo 



■ 

Vdc 

(1^ = 10 mAdc, Emitter-Base 

2N2955 






Termination - Open) 

2N2956 







2N2957 



18 

25 

■ 


Collector- Emitter Reverse Current 



*CEX 

■ | 

HI 


MAdc 

<V CE = 25 Vdc, V EB = 0.5 Vdc) 



n 

1 

10 

Base Leakage Current 


9 

X BL 

■ 

■ 


MAdc 

(V C E = 25 Vdc, V EB = 0.5 Vdc) 



l 

n 

10 
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2N2955, 2N2956, 2N2957 (Continued) 
ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Unit 

On Characteristics 

Forward Current Transfer Ratio 




Ml 


■ 


(Ic = 10 mAdc, V CE = 1 Vdc) 

2N2955 

1 

Wm 

43 



2N2956 

2 

■ 

EB 

64 


• 


2N2957 

3 

HI 

60 

105 


MB 

(I c = 50 mAdc, V CE = 1 Vdc) 

2N2955 


■■I 

20 

43 

60 

aBB 

2N2956 


■ 

40 

76 

120 

■ 


2N2957 


II 

100 

130 

n 

HH 

(I C = 100 mAdc, V CE = 1 Vdc) 

2N2956 



30 

69 

1 

m 

2N2957 



60 

115 

B 

hbh 

Collector- Emitter Saturation Voltage 



V CE (sat) 


M 

M 

Vdc 

(Ic - 10 mAdc, Ig = 1 mAdc) 

2N2955 

5 

— 

EM 



2N2956 

6 


— 

ESI 

1 



2N2957 

7 


— 

wm 



(Ic = 50 mAdc, Ig = 5 mAdc) 

2N2955 



--- 

mm 

0.30 


2N2956 



— 

0.16 

0.25 



2N2957 



--- 

0.13 

0.20 


(IC = 100 mAdc, Ig = 10 mAdc) 

2N2956 



--- 

0.23 

0.34 


2N2957 



--- 

0.18 

0.26 


Base- Emitter Voltage 


4 

V BE 




Vdc 

(Ic = 10 mAdc, Ig - 1 mAdc) 

2N2955 


— 


0.50 


2N2956 



— 

0.37 

0.47 



2N2957 

' 


— 

0.36 

0.44 


(Ic = 50 mAdc, Ig = 5 mAdc) 

2N2955 



— 

0.51 

0.65 


2N2956 



— 

0.48 

0.60 



2N2957 



— 

0.45 

0.55 


(IC = 100 mAdc, Ig = 10 mAdc) 

2N2956 



--- 

0.56 

0.70 


2N2957 



— 

0.52 

0.65 



Transient Characteristics 


Output Capacitance 
(V CB = 5 Vdc, I E = 0, f = 1 MHz) 

10 

c ob 

1 

2.5 

' 

4.0 

pF 

Input Capacitance 


10 

c ib 

1 


B 

pF 

(Vg£ = 1 Vdc, Ic = 0, f = 1 MHz) 





3.3 

1 


Small Signal Forward Current 



1 M 



■ 


Transfer Ratio (^CE = ® Vdc, 

2N2955 



2.0 

3.5 



Ic * 10 mAdc, f = 100 mhz) 

2N2956 



2.5 

3.75 


BB 


2N2957 



3.0 

4.0 



Delay Time 


12 

t d 

B 



ns 

(Vcc “12 Vdc, Ics = 50 mAdc, 





7.0 

15 


I B1 = 5 mAdc, V BE (Off) = 2.2 Vdc) 




1 




Rise Time 


12,13 

V 




ns 

(same conditions as t d ) 

2N2955 




25 

40 



2N2956 



H 

18 

30 



2N2957 



■ 

15 

25 


Storage Time 


12,16 

Is 




ns 

(V CC = 12 v<ic > !CS = 50 mAdc, 

2N2955 



fcfi 


40 


Igl = 5 mAdc, I B 2 - 5 mAdc) 

2N2956 





55 



2N2957 




42 j 

60 


Fall Time 


12,15 

MB 

B 



ns 

(same conditions as t s ) 

2N2955 




25 

40 



2N2956 




18 

35 



2N2957 




18 

35 


Total Control Charge 


17 

Qt 

| 


Hi 

pc 

(Ic “10 mAdc, Ig = 1 mAdc) 

2N2955 



s 

84 

B 



2N2956 




88 




2N2957 



m 

88 



Active Region Time Constant 


14 

t a 

■ 


■ 

ns 

(Ic - 10 mAdc) 




H 

2.9 

E9 




































































, CURRENT GAIN _ h„, CURRENT GAIN 


2N2955, 2N2956, 2N2957 (Continued) 


FIGURE 1 - CURRENT GAIN CHARACTERISTICS 

2N2955 



l c , COLLECTOR CURRENT (mAdc) 


FIGURE 2 - CURRENT GAIN CHARACTERISTICS 



l C( COLLECTOR CURRENT (mAdc) 


FIGURE 3 - CURRENT GAIN CHARACTERISTICS 

2N2957 



FIGURE 4- BASE EMITTER VOLTAGE versus COLLECTOR CURRENT 



l c , COLLECTOR CURRENT (mAdc) 
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, COLLECTOR VOLTAGE (VOLTS) V CE , COLLECTOR VOLTAGE (VOLTS) 


2N2955, 2N2956, 2N2957 (Continued) 


COLLECTOR-EMITTER SATURATION VOLTAGE versus BASE CURRENT 



0.1 0.2 0.4 0.6 0.8 1.0 2.0 4.0 6.0 8.0 10 

l„ BASE CURRENT (mAdc) 


FIGURE 6 — 2N2956 



0.1 0.2 0.4 0.6 0.8 1.0 2.0 4.0 6.0 8.0 10 

l„ BASE CURRENT (mAdc) 


FIGURE 7 — 2N2957 
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2N2955, 2N2956, 2N2957 (Continued) 


FIGURE 8 - OPEN BASE LOAD LINE RATING & TEST CIRCUIT 



V cs , COLLECTOR-EMITTER VOLTAGE (Vdc) 


O V„ = - 10 V 9 V cc 



Vcc Rl 

2N2955: - 25V 245n 

2N2956: -20V 1970 - 

2N2957: - 18V 1770 


FIGURE 9- COMMON EMITTER DC LEAKAGE CHARACTERISTICS 



BASE LEAKAGE CURRENT TEST CIRCUIT 


- 25 Vdc 



base leakage current with both junctions 
reverse biased. I c is always less than l, L 
for V 0 » > V T . (V 0 i is off condition base 
bias, V T is base voltage at threshold of 
condition.) 


V 0I , BASE-EMITTER REVERSE BIAS (VOLTS) 



0 2.0 4.0 6.0 8.0 10 12 14 16 18 20 

REVERSE BIAS (VOLTS) 


FIGURE 11 — TEMPERATURE COEFFICIENTS 
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NORMALIZED STORAGE TIME T *> ACTIVE T,ME RE6I0N CONSTANT (ns) 


2N2955, 2N2956, 2N2957 (Continued) 


FIGURE 12 -SWITCHING TIME TEST CIRCUIT 


GENERATOR 

^OUT = 50Q 

INPUT PULSE: 

t r = t f -= 1 ns 
INPUT PULSE WIDTH: 

100 nsec (50% DUTY CYCLE) 


V C c = 


°t_t 



. i2V ft Ics = — 50 mAdc 
l B , = — 5 mAdc 
l*i = — 5 mAdc 
Vseioff) = +2.2 Vdc 


SCOPE 
Z IN ==s 1 MEGfi 
C, N ^ 20 pF 
t f ^ 1 ns 


: +4.4V 


FIGURE 13 -RISE TIME FACTOR 



/9o/ P* 


FIGURE 14 -ACTIVE REGION TIME CONSTANT 



5 10 20 40 60 80 100 

L . COLLECTOR CURRENT (mAdc) 


FIGURE 15 -FALL TIME FACTOR 



FIGURE 16 -STORAGE TIME 



0.1 0.2 0.4 0.6 1.0 2.0 4.0 6.0 10 

1.,/ln CIRCUIT DRIVE RATIO 


FIGURE 17 - TOTAL CONTROL CHARGE 
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2N 2958 (SILICON) 

2n2959 

2N3115 

2N3116 




NPN silicon annular Star transistors for high-speed 
switching and amplifier applications. 


CASE 22 

(TO- 18) 


2N3115 

2N3116 


Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

m 

2N3115 

2N3116 

(TO-18) 

Unit 

Collector-Base Voltage 

V CB 

60 

60 

Vdc 

Collector-Emitter Voltage 

V CEO 

20 

20 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

5.0 

Vdc 

C olle ctor - C ur r ent 

B 

600 

600 

mAdc 

Total Device Dissipation 

25°C Case Temperature 

P D 


1.8 

Watts 

Derate above 25°C 


HA 

12 

mW/°C 

Total Device Dissipation 

25°C Ambient Temperature 

P D 

0.6 


Watts 

Derate above 25°C 


4.00 

2.67 



mW/°C 

Junction Temperature Range 

B 

-65 to +175 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

m 
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2N2958, 2N2959, 2N3115, 2N31 16 (Continued) 


ELECTRICAL CHARACTERISTICS <t a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector Cutoff Current 
(V C B = 50 Vdc, I E = 0) 

( V CB = 50 Vdc, I E = 0, T A = 150°C) 

X CBO 

B! 

0.025 

15 

/i Adc 

Collector Cutoff Current 
( y CE = 30 Vdc, V BE = 0.5 Vdc) 

*CEX 

n 

.050 

/ju Adc 

Base Cutoff Current 
(V CE = 30 Vdc, V BE = 0.5 Vdc) 

! bl 

a 

.050 

>j.Adc 

Collector-Base Breakdown Voltage 
(I c = 10 M Adc, I E = 0) 

bv cbo 

60 

B 

Vdc 

Collector- Emitter Breakdown Voltage (1 > 

(1^ = 10 mAdc, pulsed, I B = 0) 

bv ceo 

20 

B 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 10 MAdc, Ic = 0) 

bv ebo 

5.0 

B 

Vdc 

Collector Saturation Voltage (1) 

(Iq =150 mAdc, Ij 3 = 15 mAdc) 

V CE (sat) 

a 

0.5 

Vdc 

Base- Emitter Saturation Voltage (1) 

(1^ =150 mAdc, Ig = 15 mAdc) 

V BE (sat) 

a 

1.3 

Vdc 

DC Forward Current Transfer Ratio 
(IC = 150 mAdc, 2N2958, 2N3115 

V CE = 10 Vdc) 2N2959, 2N3U6 

h FE 

40 

100 

120 

300 


Common-Base Open Circuit Output Capacitance 
(V CB = 10 V, I E = 0, f = 100 kHz) 

C ob 

■ 

8.0 

PF 

Delay Time 

(Vcc = 30 V, I cs = 150 mA, I B1 = 15 mA) 

*d 

■ 

20 

ns 

Rise Time 

(V C c = 30 V, I cs = 150 mA, I B1 = 15 mA) 

*r 


75 

ns 

Storage Time 

( y cc = 6 v > ics = 150 mA ’ l Bl = 15 mA * 

Ifi2 = 15 mA) 

‘s 

■ 

300 

ns 

Fall Time 

(V cc = 6 V, 1q S = 150 mA, I B1 = 15 mA, 

IB2 = 15 mA) 

*f 

B 

200 

ns 

Current Gain- Bandwidth Product 
(I c = 20 mA, V CE = 20 V, f = 100 MHz) 

f T 

250 

B 

MHz 


(v PULSE TEST : Pulse width ^ 300 duty cycle ^ 2% 


2N 2972 thru 2N 29 79 


For Specifications, See 2N2913 Data. 
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2n3009 (SILICON) 

2N3013 


2N3013JAN AVAILABLE 
2N3014 



NPN silicon epitaxial switching transistors designed 
for high-speed, medium-power saturated switching 
applications 


MAXIMUM RATINGS 


CASE 27 

(TO-52) 

Collector Connected to Case 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage* 

2N3009, 2N3013 

v * 

CEO 

15 

Vdc 

2N3014 


20 


Collector-Emitter Voltage 

V CES 

40 

Vdc 

Collector- Base Voltage 

V CB 

40 

Vdc 

Emitter- Base Voltage 

2N3009 

v 

EB 

4.0 

Vdc 

2N3013, 2N3014 


5.0 


Collector Current — Continuous 

J c 

200 

mAdc 

(10 ju.s pulse) Peak 


500 


Total Device Dissipation @T A = 25° C 

P D 

0.36 

Watt 

Derate above 25° C 


2.06 

mW/°C 

Total Device Dissipation @T^ = 25° C 

P D 

1.20 

Watts 

@T C = 100° C 


0. 68 

Watt 

Derate above 25° C 


6.85 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J> T stg 

-65 to +200 

° C 


* Applicable from 0. 01 mA to 10 mA (Pulsed) 


FIGURE I — TURN-ON AND TURN-OFF TIME TEST CIRCUIT 




SWITCHING TEST CIRCUIT VALUES | 

INPUT PULSE 

Type 

Test 

■a 



R i 



R 4 

t 

r 



2N3009 

2N3013 

t & t 
on off 

(volts) 

(ohms) 


(nanoseconds) 

11 


15 

IkMi 

MM 

mm 

8fc7!l 

Bnn 


>100 | 

2N3014 

ion 

toff 

7.0 

BESS! 

2.0 


m 




■ 


-13 

7.0 

2.0 


o- 
-10 - 


FIGURE 2 - CHARGE STORAGE TIME CONSTANT TEST CIRCUIT 

"A” 890 0. 1/i^ik 

<?> V out +6 -°v. 


0. 1 mF 9 


m 


Pulse Generator 

V. Rise Time = 1 ns 
in 


Source Impedance - 50 Q 



-4.0 V 


is 


Pulse waveform 
£= at point "A” 


m 


I, 


V. Rise Time less than 1 ns PW = 300 ns 
m 


To Oscilloscope s T out 
Input Impedance = 50 £2 
Rise Time = 1 ns 

Duty Cycle * 2% 
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2N3009, 2N3013, 2N3014 (continued) 

ELECTRICAL CHARACTERISTICS (T - 25° C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 0) 


BV 

CEO(sus) 



Vdc 

(I^ = 10 mAdc, I B = 0) 

2N3009, 2N3013 

15 

- 


2N3014 


20 

- 


Collector-Emitter Breakdown Voltage 


bv ces 



Vdc 

(I c = 100 ,iAdc, V BE = 0) 


40 

- 


Collector-Base Breakdown Voltage 


bv cbo 



Vdc 

(I c = 100 ,iAdc, i E = 0) 


40 

- 


Emitter- Base Breakdown Voltage 


.. bv ebo 



Vdc 

(I E = 100 MAdc, I c - 0) 

2N3009 

4.0 



2N3013, 2N3014 


5.0 



Collector-Cutoff Current 


r CES 



MAdc 

(V CE = 20Vdc, V BE =0) 

2N3009 

. - 

0.5 

< V CE = 20Vdc ’ V BE= 0 ’ T A =+85 ” C) 

2N3009 


- 

15 


(V CE =20 V dc, V BE =0) 

2N3013, 2N3014 


- 

0.3 


(V CE - 20 Vdc, V BE - 0, T a - +125° C) 

2N3013, 2N3014 


- 

40 


Base Current 


■b 



MAdc 

(VcE^OVdc, V BE = 0) 

2N3009 

- 

0.5 


2N3013, 2N3014 


- 

0.3 



ON CHARACTERISTICS ID 


DC Current Gain 
d c = 30 mAdc, V CE = 0. 4 Vdc) 

All Types 

h FE 

30 

120 


d c = 10 mAdc, V C£ = 0. 4 Vdc) 

2N3014 


25 

- 


d c = 100 mAdc, V CE = 0. 5 Vdc) 

2N3009, 2N3013 


25 

- 


d c = 100 mAdc, V CE = 1. 0 Vdc) 

2N3014 


25 

- 


d c = 300 mAdc, V CE =1.0 Vdc) 

2N3009, 2N3013 


15 

- 


d c = 30 mAdc, V CE = 0. 4 Vdc, T A 

= -55°C) 2N3013, 2N3014 


12 

- 


Collector-Emitter Saturation Voltage 
d c = 30 mAdc, I B = 3. 0 mAdc) 

All Types 

V CE(sat) 


0. 18 

Vdc 

(1^ = 100 mAdc, Ig = 10 mAdc) 

2N3009, 2N3013 


- 

0.28 


(I c = 100 mAdc, Ig = 10 mAdc) 

2N3014 


- 

0.35 


(I c = 300 mAdc, Ig = 30 mAdc) 

2N3009, 2N3013 


- 

0. 50 


(I c = 10 mAdc, Ig = 1. 0 mAdc) 

2N3014 


- 

0. 18 


(I = 30 mAdc, I = 3. 0 mAdc, T 

= +85° C) 2N3009 


- 

0. 30 


(I c = 30 mAdc, Ig = 3.0 mAdc, T a =+125°C) 2N3013, 2N3014 



0.25 

■| 


Base-Emitter Saturation Voltage 1 
(1^ = 30 mAdc, Ig = 3. 0 mAdc) 

All Types 

^ BE (sat) 

0.75 

0.95 

Vdc 

(1^ = 100 mAdc, Ig = 10 mAdc) 

All Types 


- 

1.20 


(I c = 300 mAdc, Ig = 30 mAdc) 

2N3009, 2N3013 


- 

1. 70 


(I c = 10 mAdc, Ig = 1. 0 mAdc) 

2N3014 


0. 70 

0. 80 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

f T 



MHz 

(I c = 30 mAdc, V CE = 10 Vdc, f = 100 MHz) 


350 



Output Capacitance 

C ob 



pF 

(V CB = 5. 0 Vdc, I E .= 0, f = 140 kHz) 

" 

5.0 


Input Capacitance 

c lb 



pF 

(V BE = 0. 5 Vdc, I c = 0, f = 140 kHz) 



8.0 


Turn-On Time (Figure l) 

t 

on 



ns 

(V EB(off) = 5 '° V ' V CC = 15 V ’ ! C = 300 mAdc > ‘Bl " ,3 ° mAdC) 




2N3009, 2N3013 


- 

15 


< V EB(off) -°- V CC =2 ’° V ’ > C =3<>mAdC - 'El “ 3 - 0mAdc ) 





2N3014 


- 

16 


Turn-Off Time (Figure 1) 

‘off 



ns 

(V cc = 15 V, I e = 300 mAdc, I BJ » Ig 2 «30 niAdc) 

■ 



2N3009, 2N3013 


■- 

25 


(V„„ = 2. 0 V, l r = 30 mAdc, I R1 «I R9 «3. 0 mAdc) 

CC C B1 B2 2N3014 


- 

25 


Charge -Storage Time (Figure 2) 

t 


18 

ns 

(I C “ 'b! * 'b 2 “ 10 nlAdc) 





(1) Pulse Test: Pulse Width = 300 /is: Duty Cycle s 2%. 
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2n3010 (SILICON) 


NPN silicon low -power transistor primarily de- 
signed for high-speed, saturated switching applications. 

CASE 22 

(TO- 1 8) 

Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage* 

v * 

V CEO 

6.0 

Vdc 

Collector-Emitter Voltage 

v 

CES 

11 

Vdc 

Collector -Base Voltage 

^:b 

15 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

r c 

50 

mAdc 

Total Device Dissipation @ = 25° C 

P D 

0.30 

Watt 

Derate above 25° C 


1.71 

mW/°C 

Operating and Storage Junction 
Temperature Range 

mm 

-65 to +200 

°C 


* Applicable from 0. 01 mAdc to 10 mAdc (Pulsed). 



FIGURE 1 - TURN-ON AND TURN-OFF 
TIME TEST CIRCUIT 



FIGURE 2 - CHARGE-STORAGE TIME 
TEST CIRCUIT 


+3.0 V 
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2N3010 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining VoltageM) 

(I c =>10 mAdc, I B .0) 

BV CEO(sus)* 

6.0 

- 

Vdc 

Collector-Emitter Breakdown Voltage 

bv ces 



Vdc 

(I c = 10 fiAdc, V BE = 0) 

11 

- 


Collector-Base Breakdown Voltage 

bv cbo 



Vdc 

(I c = 10 MAdc, I E = 0) 

15 

- 


Emitter-Base Breakdown Voltage 

bv ebo 



Vdc 

(I E = 10 nAdc, I c = 0) 

4.0 

- 


Collector Cutoff Current 

*CES 



/i Adc 

(V CE =H v dc, V be =°) 

- 

10 


(V CE =5.° v dc, V BE =0) 


- 

0.1 


(V CE =5.0Vdc, V be =0,T a = + 85“C) 


- 

5.0 


Base Cutoff Current 

*BL 



juAdc 

< V CE= 11Vdc ’ V EB<o«r 0) 

- 

10 


ON CHARACTERISTICS 0) 


DC Current Gain • 

(I c = 1. 0 mAdc, V CE = 0. 4 Vdc) 

h FE 

15 

_ 

- 

(I c = 10 mAdc, V CE = 0. 4 Vdc) 


25 

125 


(I c * 30 mAdc, V CE a 0. 4 Vdc) 


15 

- 


Collector-Emitter Saturation Voltage 
(I c * 1. 0 mAdc, I B = 0. 1 mAdc) 

V CE(sat) 

_ 

0.25 

Vdc 

(1^ = 10 mAdc, I B -1.0 mAdc) 


- 

0.25 


(I c = 30 mAdc, Ig = 3. 0 mAdc) 


- 

0.38 


(I c = 10 mAdc, I B = 1 . 0 mAdc, T A = 85° C) 


- 

0.4 


Base-Emitter Saturation Voltage 
(I_ =1.0 mAdc, I_ = 0. 1 mAdc) 

v 

V BE(sat) 

0.68 

0.85 

Vdc 

(I c = 10 mAdc, Ig = 1. 0 mAdc) 


0.75 

0.95 


(JL, = 30 mAdc, I_ = 3, 0 mAdc) 
c a 


- 

1.3 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c = 10 mAdc, V CE = 4. 0 Vdc, f = 100 MHz) 

f T 

600 

- 

MHz 

Output Capacitance 
(V CB = 5. 0 Vdc, I E = 0, f = 140 kHz) 

C ob 

- 

3.0 

pF 

Input Capacitance 

(V BE * 0. 5 Vdc, I c = 0, f * 140 kHz) 

C ib 

- 

2.0 

PF 

Turn-On Time (Figure 1) 

(V cc - 1. 0 Vdc, V BE(off) =1,0 Vdc, I c = 10 mAdc, 

Igl *2.0 mAdc) 

t 

on 

_ 

12 

ns 

Turn-Off Time (Figure 1) 

(V cc = 1. 0 Vdc, I c * 10 mAdc, I B1 » I B2 « 1. 0 mAdc) 

W 

- 

12 

ns 

Charge Storage Time (Figure 2) 

(I C =I B1 “ I B2 =5 ' 0mAdc) 

l s 

- . 

6.0 

ns 


Pulse Test: Pulse Length = 300 /is; Duty Cycle S 2. 0%. 
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2n301 1 (SILICON) 


NPN silicon low-power transistor primarily de- 
signed for high-speed, saturated switching applications. 


CASE 22 

(TO-18) 

Collector connected to case 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage* 

v * 
CEO 

12 

Vdc 

Collector-Emitter Voltage 

v 

CES 

30 

Vdc 

Collector-Base Voltage 

v 

CB 

30 

Vdc 

Emitter- Base Voltage 

V EB 

5.0 

Vdc 

Collector-Current-Continuous 


200 

mAdc 

Peak (10 jms Pulse) 


500 


Total Device Dissipation @ T^=25°C 

P D 

0.36 

Watt 

Derate above 25°C 


2.06 

mW/°C 

Total Device Dissipation @ T^=25°C 

P D 

1.20 

Watt 

T C = 100°C 

0.68 


Derate above 25°C 


6.85 

mW/°C 

Operating and Storage Junction 

T J’ T stg 

-65 to 

°c 

Temperature Range 

+200 



* Applicable from 0. 01 mA to 10 mA (Pulsed) 



FIGURE 1 - CHARGE-STORAGE TIME TEST CIRCUIT 
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2N301 1 (continued) 

ELECTRICAL CHARACTERISTICS (T a = 25 *C unless otherwise noted) 


Characteristic 



OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(I_ = 10 mAdc, I D = 0) 



Collector-Emitter Breakdown Voltage 
(I c = 10 /xAdc, V BE = 0) 

Collector -Base Breakdown Voltage 
(I c = 10 MAdc, I E = 0) 


Emitter-Base Breakdown Voltage 
(I E = 100 MAdc, I c = 0) 

Collector Cutoff Current 
(V CE = 2 °Vdc, V BE = 0) 

< V CE ' 20 Vdc ' V BE-°- T A =+85 ° C) 


Base Cutoff Current 
< V CE ’ 20 VdC ' V BE =0) 


ON CHARACTERISTICS '’I 


DC Current Gain 
(I c = 10 mAdc, V CE = 0. 35 Vdc) 

(I c = 30 mAdc, V CE = 0. 4 Vdc) 
(I„ = 100 mAdc, V„„ =1.0 Vdc) 


Collector-Emitter Saturation Voltage 


(I c = 100 mAdc, I 0 = 10 mAdc) 

(I- = 10 mAdc, 1=1.0 mAdc, T . 


Base-Emitter Saturation Voltage 
(I c = 10 mAdc, Ig = 1.0 mAdc) 

(I c = 30 mAdc, I B = 3. 0 mAdc) 
(I c = 100 mAdc, I fi = 10 mAdc) 


DYNAMIC CHARACTERISTICS 




— 1 

Current -Gain— Bandwidth Product 
(I c = 20 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

1 

400 

- 

MHz 

Output Capacitance 
(V CB = 5. 0 Vdc, Ig = 0, f = 140 kHz) 

C ob 

- 

4.0 

pF 


Turn-On Time (Figure 2) 

(V cc ■ 2. 0 Vdc, V EBW0 = o, I c . 30 mAdc, ^ - 3. 0 mAdc) 

‘on 

Turn-Off Time (Figure 2) 

t off 

(V cc = 2. 0 Vdc, I c = 30 mAdc, 1 ^ * -I B2 * 3. 0 mAdc) 

Charge Storage Time (Figure 1) 

t s 

(I C = ‘bI ' -'b 2 ° 10 mAdc) 





(1) Pulse Test: Pulse Length = 300 ms, Duty Cycle s 2. 0%. 

FIGURE 2 - TURN-ON AND TURN-OFF TIME TEST CIRCUIT 


Rise Time <1.0 ns I 
Pulse Width > 200 ns > l0Q 


To Oscilloscope 
Rise Time < 1. 0 ns 
Input R > 100 k 
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2N 3012 (SILICON) 


PNP SILICON ANNULAR TRANSISTOR 


. . .designed for use in medium-speed saturated switching applications. 


Collector-Emitter Sustaining Voltage — 
v CEO(sus) = 12 Vdc @ lc= lOmAdc 

Low Collector-Emitter Saturation Voltage - 
v CE(sat) = 0.15 Vdc @ Iq = 10 mAdc 


PNP SILICON 
SWITCHING 
TRANSISTOR 



“MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

12 

Vdc 

Col lector- Base Voltage 

V CB 

12 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

>C 

200 

mAdc 

Total Device Dissipation @Ta = 25°C 

PD 

0.36 

Watts 

Derate above 25° C 


2.06 

mW/°C 

Total Device Dissipation @Tc = 25°C 

P D 

1.2 

Watts 

Derate above 25° C 


6.85 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

-65 to +200 

°C 

^Indicates JEDEC Registered Data. 





1 IL 


0.500 

MIN 


—I — 0.100 



Collector Connected to Case 
CASE 22 (1) 

TO-18 
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2N3012 (continued) 


"ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


| Characteristic 

Symbol 

Min* 

Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltaged ) 

(Iq = 10 mAdc, l B = 0) 

(Emitter-Base Termination — Open Base) 

v CEO(sus) 

12 


Vdc 

Collector-Emitter Breakdown Voltage 

bv C es 

12 

- 

Vdc 

(Iq = 10/uAdc, V BE = 0) 





Collector-Base Breakdown Voltage 

BV CB q 

12 

- 

Vdc 

(l C - 10/uAdc, l E = 0) 





Emitter-Base Breakdown Voltage 

bv EB o 

4.0 

- 


(l E = 100 MAdc, l C = 0) 





Collector Cutoff Current 
(Vqe = 6.0 Vdc, V BE = 0) 

•CES 

- 

80 

nAdc 

(V CE - 6.0 Vdc, V BE = 0, T A = +85°C) 


- 

5.0 

MAdc 

Base Current 

•b 

- 

30 

nAdc 

(V C E = 6.0 Vdc, V BE = 0) 






ON CHARACTERISTICS 


DC Current Gain(1 ) 

(l C = 10 mAdc, Vqe = 0.3 Vdc) 

(Iq = 30 mAdc, Vq E = 0.5 Vdc) 

(l C = 100 mAdc, V CE = 1.0 Vdc) 

hFE 


120 


Collector-Emitter Saturation Voltaged) 

VcE(sat) 



Vdc 

(Iq = 10 mAdc, l B = 1.0 mAdc) 


- 

0.15 


(Iq = 30 mAdc, l B = 3.0 mAdc) 


- 

0.2 


(Iq = 30 mAdc, l B = 3.0 mAdc, T A = +85°C) 


- 

0.4 


(Iq = 100 mAdc, l B = 10 mAdc) 


- 

0.5 


Base-Emitter Saturation Voltaged) 

v BE(sat) 

■■■ 



(Iq = 10 mAdc, l B = 1.0 mAdc) 


■ 

0.98 


(Iq = 30 mAdc, l B = 3.0 mAdc) 


E3i 

1.2 


(Iq = 100 mAdc, l B = 10 mAdc) 


wM 

1.7 

WH 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vq B = 5.0 Vdc, l E = 0, f = 140 kHz) 

c ob 


6.0 

pF 

Input Capacitance 

(VEB = 0.5 Vdc, Iq = 0, f = 140 kHz) 

c ib 

— 

6.0 

PF 

Small-Signal Current Gain 

(Iq = 30 mAdc, V CE = 10 Vdc, f = 100 MHz) 

hfe 

4.0 

" 

' 


SWITCHING CHARACTERISTICS (See Figure 1) 


Turn-On Time 

(Vqq = 2.0 Vdc, Iq« 30 mAdc, l B1 «1.5 mAdc) 

l on 

- 

60 

ns 

Turn-Off Time 

(Vqq = 2.0 Vdc, Iq~ 30 mAdc, l B i = l B 2«1.5 mAdc) 

toff 

- 

75 

ns 


* Indicates JEDEC Registered Data. 

d)p u lse Test: Pulse Width = 300 ns, Duty Cycle = 1.0%. 


FIGURE 1 - TURN-ON AND TURN-OFF TIME TEST CIRCUIT 


Vbb -2.0 V 



Notes: 

( 1 ) 


Collector Current«30 mA 


(2) Turn On and Turn Off Base Currents «1 .5 mA 


(3) t ol 


t off 


V BB = +3.0 V 
V BB = -4.0 V 


V in = -7.0 V 
V in =+6.0 V 


2-400 





















































2n3013 

2n3014 


For Specifications, See 2N3009 Data. 


2n3015 (SILICON) 



NPN silicon annular transistor designed for high- 
speed, medium-power saturated switching applications. 


CASE 31 

(TO-5) 


Collector connected to case 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Rating 

— 

Symbol 

Value 

Unit 

Collector-Emitter Voltage* 

v CEO* 

30 

Vdc 

Collector-Base Voltage 

V C B 

60 

Vdc. 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Total Device Dissipation @ Ta = 25°C 

PD 


mW 

Derate above 25°C 


4.6 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 


1 

Derate above 25°C 



1 

Operating and Storage Junction 
Temperature Range 

T J> T stg 

-65 to +200 

°c 


♦Applicable from 1.0 mA to 30 mA (Pulsed) 
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2N3015 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage* 

bv CEO(sus)* 



Vdc 

(I c = 30 mAdc, I B = 0) 

30 

— 


Collector-Base Breakdown Voltage 

bv CBO 



Vdc 

(I c = 100 ^Adc, I £ = 0) 

60 

— 


Emitter-Base Breakdown Voltage 

bv ebo 



Vdc 

(I E = 100 /xAdc, Ic = 0) 

5.0 

— 


Collector-Cutoff Current 

J CES 



MAdc 

(V CE = 30 Vdc, V BE = 0) 


0.2 


Collector- Cutoff Current 

X CBO 



MAdc 

(V CB = 30 Vdc, I E = 0, T A = 125°C) 

— 

200 


Base Leakage Current 

!bL 



MAdc 

(V CE = 30 Vdc, V BE = 0) 

— 

0.2 


ON CHARACTERISTICS 

DC Current Gain* 

h FE* 



— 

(I C = 150 mAdc, V CE = 10 Vdc) 

30 

120 


(I c =300 mAdc,V CE = 0.7 Vdc) 


10 

— 


Collector-Emitter Saturation Voltage* 

v CE(sat)* 



Vdc 

(Iq = 150 mAdc, I B = 15 mAdc) 

— 

0.4 


(I c = 500 mAdc, I B = 50 mAdc) 


— 

1.0 


Base- Emitter Saturation Voltage* 

V BE(sat)* 



Vdc 

(Ic = 150 mAdc, I B = 15 mAdc) 

— 

1.2 


(Ic = 500 mAdc, I B = 50 mAdc) 



1.6 



DYNAMIC CHARACTERISTICS 


Current -Gain— Bandwidth Product 
(IC = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

250 

— 

MHz 

Output Capacitance 

C ob 



PF 

(V C b = 10 Vdc, I E = 0, f = 140 kHz) 


— 

8.0 


Turn-On Time (Figure 1) 

*on 



ns 

(V cc = 25 Vdc, I c « 300 mAdc, I B1 « 30 mAdc) 


— 

40 


(Vqq - 25 Vdc, Ic % 500 mAdc, I B i « 50 mAdc) 


— 

40 


Turn-Off Time (Figure 2) 

4 off 



ns 

(Vcc = 25 Vdc, I C - 300 mAdc, Ifil « Ib 2 = 30 mAdc) 


— 

60 


(Vcc = 25 Vdc, I c - 500 mAdc, I B1 * I B2 = 50 mAdc) 


— 

60 



♦Pulse Test: Pulse Width = 300 ms; Duty Cycle ^ 2% 


FIGURE 1 - TURN-ON TIME TEST CIRCUIT 



FIGURE 2 - TURN OFF TIME TEST CIRCUIT 
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2N 3019 (SILICON) 
2n3020 


NPN silicon annular transistors designed for high- 
current, high-frequency amplifier applications. 

CASE 31 

(TO -5) 

Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

V CEO 

80 

Vdc 

Collector- Base Voltage 

V CB 

140 

Vdc 

Emitter- Base Voltage 

V EB 

7.0 

Vdc 

Collector Current 

X C 

1.0 

Adc 

Total Device Dissipation @ T A = 25°C 

P n 

mm 

w 

Derate above 25°C A 

D 

mam 

mW/'C 

Total Device Dissipation @ T p = 25°C 

p n 

5.0 

W 

Derate above 25°C ^ 


28.6 

mW/°C 

Operating Junction Temperature Range 

t j 

-65 to +200 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 
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2N3019, 2N3020 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I c = 30 mAdc, I B = 0) 

bv ceo 

80 

- 

Vdc 

Collector- Base Breakdown Voltage 
(I c = 100 M Adc, I £ = 0) 

bv cbo 

140 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 100 MAdc, I c = 0) 

bv ebo 

7.0 

- 

Vdc 

Collector Cutoff Current 
(V CB = 90 Vdc, I E = 0) 

X CBO 

_ 

0.010 

MAdc 

(V CB = 90 Vdc, I E = 0, T a = 150°C) 


- 

10 


Emitter Cutoff Current 
< v BE = 5 Vdc, I c = 0) 

*EBO 

- 

0.010 

MAdc 


ON CHARACTERISTICS 


DC Current Gain H) 


h FE 



_ 

(I c = 0. 1 mAdc, V CE = 10 Vdc) 

2N3019 

50 

■ _ 


2N3020 


30 

100 


(I c = 10 mAc, V C£ = 10 Vdc) 

2N3019 


90 

— 


2N3020 


40 

120 


(I c = 150 mAdc, V CE = 10 Vdc) 

2N3019 


100 

300 


2N3020 


40 

120 


(I c = 150 mAdc, V CE = 10 Vdc, T c = -55°C) 

2N3019 


40 

- 


(I c = 500 mAdc, V CE = 10 Vdc) 

2N3019 


50 

— 


2N3020 


30 

100 


(I c = 1 Adc, V CE = 10 Vdc) 

Both Types 


15 

- 


Collector-Emitter Saturation Voltage M) 


V CE(sat) 



Vdc 

(I c = 150 mAdc, I B = 15 mAdc) 


- 

0.2 


d c = 500 mAdc, I 0 = 50 mAdc) 



- 

0. 5 


Base-Emitter Saturation Voltage (1) 


V BE(sat) 



Vdc 

(I c = 150.mAdc,Ig = 15 mAdc) 


- 

1.1 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I r = 50 mAdc, V rv = 10 Vdc, f = 20 MHz) 2N3019 

2N3020 


100 

80 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, I E = 0, f = 1 MHz) 

C ob 

- 

12 

pF 

Input Capacitance 

(Vg E = 0. 5 Vdc, I c = 0, f = 1 MHz) 

c ib 

- 

60 

pF 

Small-Signal Current Gain 

d r = ImAdc, V r „ = 5 Vdc, f = 1 kHz) 2N3019 

C 2N3020 

h fe 

80 

30 

400 

200 

" 

Collector-Base Time Constant 

(I c = 10 mAdc, V ce =10 Vdc, f = 4 MHz) 

| 

- 

400 

ps 

Noise Figure 

(I c = 100 MAdc, V CE = 10 Vdc, f = 1 kHz, R g = lkohm) 2N3019 

NF 

- 

4.0 

dB 


(1) Pulse Test: Pulse Width 5 300 /is, duty cycle § 1% 
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2n3021 thru 2n3026 (SILICON) 



PNP silicon power transistors for Class C power ampli- 
fiers, high-current core switching and high-speed switching 
and amplifier applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N3021 

2N3024 

2N3022 

2N3025 

2N3023 

2N3026 

Unit 

Collector-Base Voltage 

V CB 

30 

45 

60 

Volts 

Collector-Emitter Voltage 

V CEO 

30 

45 

60 

Volts 

Emitter-Base Voltage 

V EB 

4.0 

Volts 

Collector Current 

*c 

3.0 

Amp 

Base Current 

1b 

0.5 

Amp 

Power Dissipation 

P D 

25 

Watts 

Junction Operating Temperature Range 

m 

-65 to +175 

°c 
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2N3021 thru 2N3026 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified) 


Characteristics 



Max 

Unit 

Emitter-Base Cutoff Current 


r EBO 



mAdc 

( V BE = 4 Vdc ) 


— 

1.0 


Collector- Emitter Cutoff Current 


J CEX 



mAdc 

(V C E = 25 Vdc, V BE = 2 Vdc) 

2N3021 , 2N3024 

— 

0.2 


(Vce - 40 Vdc, V BE = 2 Vdc ) 

2N3022, 2N3025 


— 

0.2 


(V CE - 54 Vdc * V BE = 2 Vdc ) 

2N3023, 2N3026 


— 

0.2 


(Vrp = 15 Vdc, Vrf = 2 Vdc, Tr. = 150°C) 

2N3021 , 2N3024 


— 

2.0 


(V CE = 25 Vdc, V BE = 2 Vdc, T c = 150°C) 

2N3022, 2N3025 


— 

2.0 


(Vce = 35 Vdc, V BE = 2 Vdc, T c = 150°C) 

2N3023, 2N3026 


— 

2.0 


Collector-Emitter Breakdown Voltage* 


bv ceo* 




(I c = 100 mAdc, I B = 0) 

2N3021 , 2N3024 

30 

— 


(I c = 50 mAdc, I B = 0) 

2N3022, 2N3025 


45 

— 

H H 

(I c = 20 mAdc, I B = 0) 

2N3023, 2N3026 


60 

— 

■ ■ 

DC Current Gain 


h FE 



mm 

(I c = 1.0 Adc, V CE = 2 Vdc) 

2N3021, 2N3022, 2N3023 

20 

60 

■ ■ 

2N3024, 2N3025, 2N3026 


50 

180 

mi 

Collector-Emitter Saturation Voltage 


V CE (sat) 

■ 


Vdc 

(I c = 3 Adc, I B = 0. 3 Adc) 

2N3021, 2N3022, 2N3023 


1.5 


2N3024, 2N3025, 2N3026 



1.0 


Base- Emitter Saturation Voltage 



■ 

warn 

Vdc 

(Ic = 3 Adc, I B = 0.3 Adc) 



■ I 


Small Signal Current Gain 


hfe 



— 

(I c = 0.5 Adc, V CE = 15 Vdc, f = 30 MHz) 


— 


Switching Times 


td +t f 


100 

ns 

(Ic = 1 Adc, I B1 = I B2 = 100 mAdc) 


ts 

H 

3i25 



*f 

I 

75 



♦Perform tests using sweep method to prevent heating. 


POWER-TEMPERATURE DERATING CURVE 


THESE TRANSISTORS ARE ALSO SUBJECT TO SAFE AREA CURVES AS 
INDICATED BOTH LIMITS ARE APPLICABLE AND MUST BE 
OBSERVED 



T Cl CASE TEMPERATURE (°C) 



V CE , COLLECTOR EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic - Vce limits below which the devices will not go into secondary breakdown. As the safe operating areas shown are 
independent of temperature and duty cycle, these curves can be used as long as the average power derating curve is also taken into consideration to insure 
operation below the maximum junction temperature. 
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, BASE CURRENT (mA) V« COLLECTOR -EMITTER SATURATION VOLTAGE (VOLTS) V CE ,„«j, COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) V M{ „ n> BASE-EMITTER SATURATION VOLTAGE (VOLTS) 











2N3021 thru 2N3026 (continued) 


CURRENT GAIN VARIATIONS. 2N3021 thru 2N3023 











2N302T thru 2N3026 (continued) 


JUNCTION CAPACITANCE VARIATIONS 




gMIIIIIIKSllSIllll 

■b;?iiiii«ihiii 


0.1 0.2 0.4 0.6 1 2 4 6 8 10 20 40 

REVERSE JUNCTION VOLTAGE (VOLTS) 


TURN-ON TIME TEST CONDITIONS 



TURN OFF TIME TEST CONDITIONS 

V iB ADJUSTED TO l M USING 12 V 

CURRENT PROBE. T, < 10 ns 
PULSE WIDTH > 10 M s 


t d IS MEASURED FROM 10% POINT OF V 


U IS MEASURED FROM 90% POINT OF V 


HS 




2n3043 thru 2n3048 (SILICON) 



CASE 610-02 


Dual NPN silicon annular transistors designed for 
low-level, low -noise differential amplifier applications. 
Can be used in complementary circuits with 2N3049, 
2N3050, for metal can see 2N2639-2N2644 series. 


12 4 5 



9 7 


NPN 


Pin Connections, Bottom View 
All Leads Electrically Isolated from Case 


MAXIMUM RATINGS (each side) (TA = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector -Emitter Voltage 

V 

v CEO 

45 

Vdc 

Collector -Base Voltage 

V CB 

45 

Vdc 

Emitter-Base Voltage 

V EB 

5 . 

0 

Vdc 

Collector Current 

! C 

30 

mAdc 

Operating and Storage Junction 

T T 

-A* 

°C 

Temperature Range 

J* stg 






One 

Both 




Side 

Sides 


Total Device Dissipation @ T^ = 25° C 

P D 

250 


mW 

Derate above 25° C 


1.43 


mW/°C 

Total Device Dissipation @ T c = 25° C 

P D 

700 

1400 

mW 

Derate above 25° C 


4.0 

8.0 

mW/'C 
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2N3043 thru 2N3048 (continued) 


ELECTRICAL CHARACTERISTICS (each side) (Ta = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Characteristic 


Symbol 


Min 


Collector- Emitter Sustaining Voltage Ml 

(I c = 10 mAdc, I 0 = 0) 

BV CEO(sus) 

45 

Emitter-Base Breakdown Voltage 
(I E = 10 M Adc, I c = 0) 

bv ebo 

5.0 

Collector Cutoff Current 
(V CB = 45 Vdc, I E = 0) 

X CBO 



(V CB = 45 Vdc, I E = 0, T A = +150°C) 


- 

Emitter-Base Cutoff Current 

<V EB=4Vdc, I c =0) 

X EBO 

— 


ON CHARACTERISTICS 


DC Current Gain ^ 


h FE 


(I c = 10 jjAdc, V CE = 5 Vdc) 

2N3043, 2N3044, 2N3045 

100 

2N3046, 2N3047, 2N3048 


50 

(I c = 1 mAdc, V CE = 5 Vdc) 

2N3043, 2N3044, 2N3045 


130 

2N3046, 2N3047, 2N3048 


65 

Collector-Emitter Saturation Voltage 


V CE(sat) 


(Iq = 10 mAdc, I B = 0. 5 mAdc) 


— 

Base-Emitter On Voltage 


V BE(on) 


(I c = 10 mAdc, V CE = 5 Vdc) 


0.6 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c = 1 mAdc, V CE = 5 Vdc, f = 20 MHz) 

f T 

30 

Output Capacitance 

(V CB = 5 Vdc ’ *E = °» f = 1 MHz) 

C ob 

_ 

Input Impedance 

(Ip = 1 mAdc, V r „ = 5 Vdc, f = 1 kHz) 2N3043, 2N3044, 2N3045 

C ^ 2N3046, 2N3047, 2N3048 

h ie 

3.2k 

1.6k 

Small -Signal Current Gain 

(Ip = 1 mAdc, V r „ = 5 Vdc, f = 1 kHz) 2N3043, 2N3044, 2N3045 

C 2N3046, 2N3047, 2N3048 

h fe 

130 

65 

Output Admittance 

(I p = 1 mAdc, Vp = 5 Vdc, f = 1 kHz) 2N3043, 2N3044, 2N3045 

2N3046, 2N3047, 2N3048 

h 

oe 

= 

Noise Figure 

(I c = 10 M Adc, V CE = 5 Vdc, 

R c = 10k ohms, Bandwidth = 10 Hz to 15. 7 kHz) 

NF 



MATCHING CHARACTERISTICS 


DC Current Gain Ratio** 

(Ip = 10 /lAdc, Vp„ = 5 Vdc) 2N3043, 2N3046 

U ^ 2N3044, 2N3047 

h FEl /h FE2** 

0.9 

0.8 

Base Voltage Differential 

(Ip = 10 jiAdc, V rv = 5 Vdc) 2N3043, 2N3046 

^ 2N3044, 2N3047 

1 V BE1 " V BE2l 

- 

Base Voltage Differential Temperature Gradient 
(Ip = 10 p.Adc, Vp„ = 5 Vdc, T. = -55 to +125°C) 2N3043, 2N3046 
w ^ A 2N3044, 2N3047 

A ( V BE1 ' V BEz) 



* T A 


(l)Pulse Test: Pulse Width - 300 #xs; Duty Cycle ^ 2% 
**The lowest h FE reading is taken as hp E1 for this test. 
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2N 3053 (SILICON) 


CASE 31 

(TO-5) 



NPN silicon annular transistor designed for medium - 
current switching and amplifier applications. 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current-Continuous 

ic 

700 

mAdc 

Total Device Dissipation @ T c = 25°C 

*D 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Operating Junction Temperature Range 

T J 

200 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 


ELECTRICAL CHARACTERISTICS (T A = 25 *C unless otherwise noted) 


Characteristic 


OFF CHARACTERISTICS 


Collector- Emitter Breakdown Voltage 
( 1 q = 100 piAdc, I E = 0) 


Collector-Emitter Breakdown Voltage 
(Iq = 100 mAdc, R fiE = 10 ohms) 


Collector-Base Breakdown Voltage 
(I c = 100 MAdc, I E = 0) 


Emitter-Base Breakdown Voltage 
(I E = 100 MAdc, Ic = 0) 

bv ebo 

Collector Cutoff Current 
(V CE = 60 Vdc. V EB(off , = 1.5 Vdc) 

*CEX 

Base Cutoff Current 
(V CE = 60 Vdc, V EB(0(f) = 1.5 Vdc) 

! bl 


ON CHARACTERISTICS 


DC Current Gain 
(I c = 150 mAdc, V CE = 2.5 Vdc) 

(I c = 150 mAdc, V CE = 10 Vdc)0> 


Collector- Emitter Saturation Voltage 
(I c = 150 mAdc, I B = 15 mAdc) 

V CE(sat) 

Base-Emitter Saturation Voltage 
(lc = 150 mAdc, = 15 mAdc) 

V BE(sat) 

Base- Emitter On Voltage 
(IC = 150 mAdc, V CE = 2.5 Vdc) 

V BE(on) 


DYNAMIC CHARACTERISTICS 



Current-Gain— Bandwidth Product 

a c ■ 50 mAdc, V CE * 10 Vdc, f - 20 MHz) 

f T 

Output Capacitance 

(Vcb = 10 vdc * Ie = °» f = 140 kn*) 

c ob 

Input Capacitance 

(V be = 0.5 Vdc, lc = 0, f = 140 kHz) 

C ib 
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j3054A 


(SILICON) 



MEDIUM-POWER NRN SILICON TRANSISTOR 

. . .designed for general purpose switching and amplifier applications. 

• Aluminum TO-66 Package for Better Power Handling Capability — 

75 Watts @ T C = 25°C 

• Excellent Safe Operating Area 

• DC Current Gain Specified to 3.0 Amperes 

• Complement to PNP Type 2N6049 


‘MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Emitter Voltage 
(R be = 1 00 12 ) 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current - Continuous 
Peak 

Base Current 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction, 
Temperature Range 
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2N3054A (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25° unless otherwise noted) 


| Characteristic j 

Symbol 

Min 

Max 

Unit 

*OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 




Vdc 

(l C = 100 mAdc, l B = 0) 


55 

- 


Collector-Emitter Sustaining Voltage (1) 

v CER(sus) 



Vdc 

(lC = 100 mAdc, R BE = 100 ft ) 


60 

- 


Collector Cutoff Current 

'CEO 



juAdc 

(V CE = 30 Vdc, l B = 0) 



500 


Collector Cutoff Current 

'CEX 




(V CE = 90 Vdc, V BE (o ff) = 1.5 Vdc) 


- 

1.0 


( V CE = 90 Vdc, V BE (o ff) = 1 .5 Vdc, T c = 1 50°C) 


- 

6.0 


Emitter Cutoff Current 

'ebo 



mAdc 

(V BE = 7.0 Vdc. I C = 0) 


- 

1.0 



*ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 0.5 Adc, V CE = 4.0 Vdc) 

(l C = 3.0 Adc, V CE = 4.0 Vdc) 

h FE 

25 

5.0 

100 

- 

Collector-Emitter Saturation Voltage 

v CE(sat) 


— — 

Vdc 

dC = 500 mAdc, l B = 50 mAdc) 


- 



(lC =3.0 Adc, l B = 1.0 Adc) 


- 



Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l C = 500 mAdc, V C E = 4.0 Vdc) 


- 

1.7 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(lC = 200 mAdc, V C e = 10 Vdc) 


3.0 


MHz 

*Small-Signal Current Gain 

(lC = 100 mAdc, Vce = 4.0 Vdc, f = 1.0 kHz) 

hf e 

25 

180 

- 

*Common-Emitter Cutoff Frequency 
dC = 100 mAdc, Vc E = 4.0 Vdc) 

f hfe 

30 


kHz 


* Indicates JEDEC Registered Data 
( 1 ) Pulse test: Pulse Width =$^300 jus, Duty Cycle ^2.0% 


FIGURE 2 - SWITCHING TIME EQUIVALENT TEST CIRCUIT 




0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 

1C, COLLECTOR CURRENT (AMP) 
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2N3054A (continued) 


FIGURE 4 - THERMAL RESPONSE 



t, TIME or PULSE WIDTH (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



2.0 3.0 5.0 7.0 10 20 30 40 50 60 


VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 

1C, COLLECTOR CURRENT (AMP) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate I q - Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of F igure 5 is based on Tj( pk ) = 200°C ; Tq is variable 

depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( pk ) <200°C. Tj( pk ) may be 
calculated from the data in Figure 4. At high case temperatures, 

thermal limitations will reduce the power that can be handled to 

values less than the limitations imposed by second breakdown. 

(See AN-415). 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 50 100 


Vr, REVERSE VOLTAGE (VOLTS) 
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JC, COLLECTOR CURRENT (nA) fl Vf TEMPERATURE COEFFICIENTS (mV/°C) hfE. DC CURRENT GAIN 


2N3054A (continued) 



0.004 0.01 0.02 0.04 0.1 0.2 0.4 1.0 2.0 4.0 

1C, COLLECTOR CURRENT (AMP) 



5? o l 1 LU-LilU I 1— LLLULLi I I 11 Li l li 

1.0 2.0 5.0 10 20 50 100 200 500 1000 


IB, BASE CURRENT (mA) 



0.004 0.01 0.02 0.04 0.1 0.2 0.4 1.0 2.0 4.0 


1C. COLLECTOR CURRENT (AMP) 


FIGURE 11 - “ON" VOLTAGES 



FIGURE 12 - COLLECTOR CUT-OFF REGION 




Tj, JUNCTION TEMPERATURE (°C) 
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2n3055 (SILICON) 


NPN SILICON POWER TRANSISTOR 

. . . designed for general-purpose, moderate speed, switching and 
amplifier applications. 

• DC Current Gain — 

hFE = 20-70 @ lc = 4.0 Adc 

• Collector-Emitter Saturation Voltage — 

VcE(sat) = 1 0 Vdc (Max) @ lc = 4.0 Adc 

• Excellent Safe Operating Area 



Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Base Current — Continuous 


T otal Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Ran 



THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case fljc 1-52 °C/\N 

’indicates JEDEC Registered Data. 

^Motorola guarantees this value in addition to JEDEC Registered Data. 




CASE 11 
(TO-3) 

Collector Connected to Case 


2 - 






































2N3055 (continued) 


*ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Note 1) 

(l C - 200 mAdc, l B = 0) 

VcEO(sus) 

60 

- 

Vdc 

Collector-Emitter Breakdown Voltage (Note 1) 

(lC = 200 mAdc, R B e = 100 Ohms) 

bvqer 

70 

- 

Vdc 

Collector-Emitter Current 
(V C e = 30 Vdc, l B = 0) 

•CEO 

- 

0.7 

mAdc 

Collector Cutoff Current 

(Vqe = 100 Vdc, V BB ( 0 ff) = 1.5 Vdc) 

(V C E = 100 Vdc, V EB ( off ) = 1.5 Vdc, T c = 150°C) 

<CEX 

- 

5.0 

30 

mAdc 

Emitter-Base Cutoff Current 
(V EB = 7.0 Vdc, l c = 0) 

•ebo 

- 

5.0 

mAdc 


ON CHARACTERISTICS 


DC Current Gain (Note 1) 

(l c = 4.0 Adc, V C e = 4.0 Vdc) 

(l C = 10 Adc, V C e =4.0 Vdc) 

h F E 

20 

5.0 

70 

' 

Collector-Emitter Saturation Voltage (Note 1) 

v CE(sat) 



Vdc 

(l c = 4.0 Adc, l B = 0.4 Adc) 


- 

1.1 


(l C = 10 Adc, l B = 3.3 Adc) 


- 

8.0 


Base-Emitter Voltage (Note 1) 

V BE 

- 

1.8 

Vdc 

(l c = 4.0 Adc, V CE = 4.0 Vdc) 






DYNAMIC CHARACTERISTICS 


Small Signal Current Gain (Note 1) 

(V C e = 4.0 Vdc, l C = 1.0 Adc, f = 1.0 kHz) 

hf e 

15 

120 

- 

Small Signal Current Gain Cutoff Frequency 
(V CE = 4.0 Vdc, l C = 1 -0 Adc, f = 1 .0 kHz) 

f ae 

10 

- 

kHz 


Note 1: Pulse Width « 300 ns, Duty Cycle <2.0%. 
Indicates JEDEC Registered Data. 


FIGURE 2 - BASE CURRENT-VOLTAGE VARIATIONS 



FIGURE 3 - COLLECTOR CUR RE NT- VOLT AGE VARIATIONS 



0 0.4 0.8 1.2 1.6 2.0 


V BE , BASE-EMITTER VOLTAGE (VOLTS) 


V BE , BASE-EMITTER VOLTAGE (VOLTS) 


Note 1. PulseTest: Pulse Width as 200 /us, Duty Cycles* 1.5%. 
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fcE(sat), COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


2N3055 (continued) 


FIGURE 4 - COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 








5° 


175°i 

SEE NOTE 1 





5.0 Aac 















20 30 50 70 100 


200 300 500 700 1000 


l„. BASE CURRENT (mA) 

FIGURE 5 - BASE EMITTER SATURATION VOLTAGE VARIATIONS 






FIGURE 6 - COLLECTOR CURRENT versus 
BASE-EMITTER VOLTAGE 


Vce = V C eo-20V 
SEE NOTE 1 


| Tj = 10Q°C 
REVERSE — 
- 0.2 0 


l Bl BASE CURRENT (mA) 


500 700 1000 


FIGURE 7 - COLLECTOR CURRENT versus 
BASE-EMITTER RESISTANCE 



10,000 100, 


Vbe, BASE-EMITTER VOLTAGE (VOLTS) 


R be , EXTERNAL BASE-EMITTER RESISTANCE (OHMS) 



Ic, COLLECTOR CURRENT (AMP) 


2N3055 (continued) 


FIGURE 8 - CURRENT GAIN VARIATIONS 



0.01 0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

l C( COLLECTOR CURRENT (AMP) 


FIGURE 9 - ACTIVE-REGION SAFE OPERATING AREA 



VCE- COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate lc _v CE Urnits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 


FIGURE 10 - TYPICAL SWITCHING TIMES 



Ic, COLLECTOR CURRENT (AMP) 
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2n3072 (SILICON) 

2n3073 


PNP SILICON ANNULAR TRANSISTORS 

. . designed for medium-speed, industrial switching applications. 

► Choice of Package and Power Ratings 

► Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0-25 Vdc (Max) @ lc = 50 mAdc 

► High Small-Signal Current Gain — 

hf e = 180 (Max) @ \q = 10 mAdc 


PNP SILICON 
TRANSISTORS 


^MAXIMUM RATINGS 

Rating 

Symbol 

2N3072 

2N3073 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

'c 

500 

mAdc 

Total Device Dissipation @T/\ = 25°C 

PD 

800 

360 

mW 

Derate above 25°C 


4.56 

2.06 

mW/°C 

Total Device Dissipation @Tq = 25°C 

p D 

3.0 

1.2 

Watts 

Derate above 25°C 


17.1 

6.85 

mW/°C 

Operating and Storage Junction 

T J« T stg 

-65 to +200 

°C 

Temperature Range 








U.JbU _ 

0.370 

L^.0.315_»J 

035 

1 

(L125 


0.240 

0.260 


oML6- 
r o.oi9 


SEATING 

PLANE 


0.016 

"0.019 


STYLE 1 

Pin 1. Emitter 

2. Base Mi?, 

3. Collector 004( L 



CASE 79(1) 
TO- 39 


* Indicates JEDEC Registered Data. 


FIGURE 1 - TURN-ON AND TURN-OFF SWITCHING TIMES TESTCIRCUIT 


PULSE GENERATOR 



t r , tf <6.0 ns 
PW = 0.5 ms 
Z jn = 50 L2 


+4.0 V -30 V 
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2N3072, 2N3073 (continued) 


"ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown VoltageU) 

BVceO 

60 

- 

Vdc 

( 1 c = 30 mAdc, l B = 0) 





Collector-Base Breakdown Voltage 

BVcbO 

60 

- 

Vdc 

(1 C ~ 100 MAdc, Ie=0) 





Emitter-Base Breakdown Voltage 

bv EBO 

4.0 

_ 

Vdc 

(l E = 100 ^Adc, lc = 0) 






Collector Cutoff Current 

•CES 




(V C E = 30 Vdc, V BE = 0) 


- 



(V C e = 30 Vdc, V BE = 0, T A = 125°C) 


- 



Emitter Cutoff Current 

•ebo 

- 

100 

MAdc 

(V EB = 4.0 Vdc, l C = 0) 





Base Current 

*B 

- 

10 

nAdc 

(V CE = 30 Vdc, V BE = 0) 





ON CHARACTERISTICS 

DC Current Gain(1) 

h FE 



- 

(lC = 50 mAdc, Vce = 1.0 Vdc) 


30 

130 


Oc = 50 mAdc, V C e = 1-0 Vdc, T A = -55°C) 


12 

- 


(l C = 300 mAdc, V CE = 2.0 Vdc) 


15 



Collector-Emitter Saturation Voltage 

vce (sat) 




Oc = 50 mAdc, l B = 2.5 mAdc) 


- 



Oc = 300 mAdc, l B = 30 mAdc) 


- 



Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

Oc = 50 mAdc, l B = 2.5 mAdc) 


- 



Oc = 300 mAdc, l B = 30 mAdc) 


- 



Base-Emitter On Voltage 

VBE(on) 

- 

1.2 

Vdc 

Oc = 50 mAdc, Vce = 1.0 Vdc) 






SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

0 C = 50 mAdc, V C £ = 20 Vdc, f = 100 MHz) 

f T 

130 

- 


Output Capacitance 
(V C b = 10 Vdc, l E = 0, f = 140 kHz) 

Cob 

— 

10 

PF 

Input Impedance 

(l C = 10 mAdc, V C E = 10 Vdc, f = 1.0 kHz) 

hie 

- 

1.5 

k ohms 

Voltage Feedback Ratio 
(l c = 10 mAdc, V C E " 10 Vdc, f - 1.0 kHz) 

h re 

- 

26 


Small-Signal Current Gain 

(l C = 10 mAdc, V C e = 10 Vdc, f = 1.0 kHz) 

hfe 

25 


— 

Output Admittance 

(l c = 10 mAdc, V C E - 10 Vdc, f = 1.0 kHz) 

h 0 e 

— 




SWITCHING CHARACTERISTICS (Figure 1) 


Turn-On Time 

Oc«s 300 mAdc, Ibi« 30 mAdc) 

l on 

- 

40 

ns 

Turn-Off Time 

( 1 c ~300 mAdc, 1 b 1 « 1 B2 ^30 mAdc) 

f off 

— 

100 

ns 


* Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width = 300 ns, Duty Cycle = 1.0%. 

(2) f T is defined as the frequency at which |hf e | extrapolates to unity. 
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2n3081 (SILICON) 


PNP SILICON ANNULAR TRANSISTOR 

. . . designed for medium-speed switching and general-purpose ampli- 
fication applications in industrial service. 


• High Collector-Base Breakdown Voltage - 

BVcBO = 70 Vdc (Min) @ Iq = 10 /iAdc 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = Vdc (Max) @ lc = 150 mAdc 


^MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

50 

Vdc 

Collector-Base Voltage 

V CB 

70 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

>c 

600 

mAdc 

Total Device Dissipation @T/\ = 25°C 

PD 

0.6 

Watts 

Derate above 25°C 


3.4 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

2.0 

Watts 

Derate above 25°C 


11.5 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 


’Indicates JEDEC Registered Data. 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 



Input at 
Point "A" 


Output 



PNP SILICON 
TRANSISTOR 



n DIA - 


0.335 . 
0.370 1 

oia - 

0.335 UIA 


0.240 

0.260 


0.016 n 
M 9 ° 


Pin 1. Base 

2. Emitter 

3. Collector 


1.5 

MIN 



Collector Connected to Case 

To convert inches to millimeters multiply by 25.4. 
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2N3081 (continued) 


^ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(l C = lOmAdc, l B = 0) 

v CEO(sus) 

50 

- 

Vdc 

Collector-Base Breakdown Voltage 
(lC = lOjuAdc, l E = 0) 

bvcbo 

70 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100/xAdc, l C = 0) 

bv EBO 

6.0 

- 

Vdc 

Collector Cutoff Current 

(Vce = 35 Vdc, V E g( 0 ff) = 0.5 Vdc) 

>CEV 

- 

10 

nAdc 

Collector Cutoff Current 
(V CB = 50 Vdc, l E = 0) 

•CBO 

_ 

10 

nAdc 

(V CB = 50 Vdc, l E = 0, T A = 150°C) 


- 

10 

juAdc 

Emitter Cutoff Current 
(V EB = 5.0 Vdc, l c = 0) 

'EBO 

- 

100 

nAdc 

Base Current 

(Vce = 35 Vdc, V EB ( 0 ff) = 0.5 Vdc) 

! b 

- 

10 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(1 ) 

(l C = 150 mAdc, Vqe = 0.6 Vdc) 

( 1 c = 1 50 mAdc, Vqe = 1 0 Vdc) 

(l C = 500 mAdc, V C E = 2.8 Vdc) 

( 1 C = 500 mAdc, V C E = 10: Vdc) 

h F £ 

20 

30 

15 

20 

90 


Co Hector- Emitter Saturation Voltage(l) 

VCE (sat) 



Vdc 

(l C = 150 mAdc, l B = 15 mAdc) 


- 

0.3 


(Iq = 500 mAdc, l B = 50 mAdc) 


- 

1.4 


Base-Emitter VoltageO) 

V BE 

- 

1.1 

Vdc 

Oc = 150 mAdc, l B = 15 mAdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(l C = 50 mAdc, V C E = 10 Vdc, f = 100 MHz) 

fT 

150 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 1.0 MHz) 

c ob 

- 

13 

pF 

Input Capacitance 

(V EB = 0.5 Vdc, l c = 0, f = 1 .0 MHz) 

Cib 

- 

70 

PF 


SWITCHING CHARACTERISTICS (See Figure 1) 


Turn-On Time 

fon 

- 

60 

ns 

Turn-Off Time 

toff 

- 

175 

ns 


indicates JEDEC Registered Data- 

(1) Pulse Test: Pulse Width <300 /is, Duty Cycle = 1.0%. 

(2) f T is defined as the frequency at which |hf e | extrapolates to unity. 
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2n3114 (SILICON) 



CASE 31 

(TO-5) 

Collector connected to case 


NPN silicon annular transistor designed for high- 
voltage, low-power video amplifier applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector -Base Voltage 

V CB 

150 

Vdc 

Collector -Emitter Voltage* 

V 

V CEO 

150* 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 

l C 

200 

mAdc 

Total Device Dissipation @ = 25° C 

Derating Factor Above 25° C 

P D 

0.8 

4.57 

Watt 

mW/°C 

Total Device Dissipation @ T^ = 25° C 

Derating Factor Above 25°C 

P D 

5.0 

28.6 

Watts 

mW/°C 

Operating Junction Temperature 

T J 

200 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


♦Between 0 and 30 mA. 
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2N31 14 (continued) 


ELECTRICAL CHARACTERISTICS <t a - 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector -Base Breakdown Voltage 
(I c = 100 M Adc, I E = 0) 

bv cbo 

150 

- 

Vdc 

Collector-Emitter Breakdown Voltage* 

(I c = 30 mAdc, I fi = 0) 

bv ceo* 

150 

- . 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 100 MAdc, I c = 0) 

bv ebo 

5.0 

- 

Vdc 

Collector Saturation Voltage* 

(1^, = 50 mAdc, Ig = 5 mAdc) 


- 

1.0 

Vdc 

^Base-Emitter Saturation Voltage* 

(I c = 50 mAdc, Ig = 5 mAdc) 

1 

- 

0.9 

Vdc 

DC Current Gain* 

(I c = 0. 1 mAdc, V CE = 10 Vdc) 

h FE* 

15 



— 

(I c = 30 mAdc, V CE = 10 Vdc) 


30 

120 


(I c = 30 mAdc, V CE = 10 Vdc, T A = -55°C) 


12 

— 


Collector Cutoff Current 
(V CB = 100 Vdc, i E = 0) 

X CBO 



0.010 

/lAdc 

(V CB - 100 v dc, I E =0, T A = 150°C) 


— 

10 


Emitter Cutoff Current 
l V EB - 4 Vdc ' ' C ’ °> 

mm 


0. 10 

MAdc 

Small Signal Current Gain 

(V CE = 10 Vdc, I c = 30 mAdc, f = 20 MHz) 

I h fe| 

2.0 

- 

— 

Output Capacitance 

(V CB = 20 Vdc, I E = 0, f = 140 kHz) 

mm 

- 

9 .0 

pF 

Input Capacitance 

(V EB = 0. 5 Vdc, I c = 0, f = 140 kHz) 

i 

- 

80 

pF 

Small Signal Current Gain 
(I c = 1.0 mA, V CE = 5 V, f - 1 kHz) 

h fe 

25 

- 


Real Part of Input Impedance 

(I c = 10 mA, V CE = 10 V, f = 100 MHz) 

R*(h le ) 


30 

ohms 


*PW * 300 Msec, Duty Cycle *£ 1% 


2n3115 (SILICON) 

2n3116 

For Specifications, See 2N2958 Data 
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2n3120 (SILICON) 

2n3121 


PNP SILICON ANNULAR TRANSISTORS 


. . . designedfor general-purpose, medium-speed switching applications. 


• Choice of Package and Power Ratings 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 0-25 Vdc (Max) @ lc = 50 mAdc 

• DC Current Gain Specified From 50 mAdc to 300 mAdc 


PNP SILICON 
TRANSISTORS 


*MAXIMUM RATINGS 





Rating 

Symbol 

2N3120 

2N3121 

Unit 

Collector-Emitter Voltage 

v CEO 

45 

Vdc 

Collector-Base Voltage 

V CB 

45 

Vdc 

Emitter-Base Voltage 

veb 

4.0 

Vdc 

Collector Current — Continuous 

•c 

500 

mAdc 

Total Device Dissipation @T^ = 25°C 
Derate above 25°C 

P D 

800 

4.56 

360 

2.06 

mW 

mW/°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25° C 

p D 

3.0 

17.1 

1.2 

6.85 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj,T s tg 

-65 to +200 

°C 

’Indicates JEDEC Registered Data 






0,190 

Pin 1. Emitter 0.210 

2. Base 

3. Collector 



CASE 79 
TO -39 



Collector Connected to Case 
CASE 22(1) 

TO-18 
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2N3120, 2N3121 (continued) 


*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(Iq = 30 mAdc, 1 q = 0) 

bv C eo 

45 

- 

Vdc 

Collector-Base Breakdown Voltage 
(Iq = 100 MAdc, l E = 0) 

BVcbO 

45 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(lE = 100 MAdc, l c = 0) 

BV EB q 

4.0 

- 

Vdc 

Collector Cutoff Current 
(VcE = 30 Vdc, V BE = 0) 

(V C E = 30 Vdc, V BE = 0, T a = 125°C) 

'CES 

- 

10 

10 

nAdc 

MAdc 

Emitter Cutoff Current 
(V EB = 4.0 Vdc, l c = 0) 

>EBO 

- 

100 

MAdc 

Base Current 

(V C E = 30 Vdc, V BE = 0) 

>B 

- 

10 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(1 ) 

h FE 



- 

(Iq - 50 mAdc, Vq E = 1.0 Vdc) 


30 

130 


(Iq = 50 mAdc, V CE = 1 .0 Vdc, T a = -55°C) 


12 

- 


(Iq = 300 mAdc, Vq E = 2.0 Vdc) 


15 

- 


Collector-Emitter Saturation Voltage 
(Iq = 50 mAdc, l B = 2.5 mAdc) 

v CE(sat) 


0.25 

Vdc 

(Iq = 300 mAdc, l B = 30 mAdc) 


- 

0.5 


(Iq = 500 mAdc, l B = 50 mAdc) 


- 

1.0 


Base-Emitter Saturation Voltage 
(Iq = 50 mAdc, l B = 2.5 mAdc) 

VBE(sat) 

_ 

1.2 

Vdc 

(Iq - 500 mAdc, l B = 50 mAdc) 


- 

2.0 


Base-Emitter On Voltage 
(Iq = 50 mAdc, V CE = 1 .0 Vdc) 

VBE(on) 


1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product(2) 

(Iq = 50 mAdc, V CE = 20 Vdc, f = 100 MHz) 

*T 

130 

- 

MHz 

Output Capacitance 
(Vqb = 10 Vdc, l E = 0, f = 140 kHz) 

c ob 

- 

10 

pF 

Input Impedance 

(Iq = 10 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

h ie 

- 

1.5 

k ohms 

Voltage Feedback Ratio 

(Iq = 10 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

h r e 

- 

26 

X 10' 4 

Small-Signal Current Gain 

(Iq = 10 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

hfe 

25 


- 

Output Admittance 

(Iq = 10 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

hoe 

- 

1200 

Mmhos 


SWITCHING CHARACTERISTICS (Figure 1) 


Turn-On Time 

(Iqs» 300 mAdc, l B i ^30 mAdc) 

ton 

- 

40 

ns 

Turn-Off Time 

(Iq?« 300 mAdc, l B i = Ib 2~30 mAdc) 

loff 

— 

100 

ns 


* Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width = 300 jus. Duty Cycle = 1.0%. 

(2) f-p is defined as the frequency at which |hf e | extrapolates to unity. 


FIGURE 1 - SWITCHING TIMES TEST Cl RCUIT 


PULSE GENERATOR 


t r , tf < 6.0 ns 
PW = 0.5 ms 
Z j n = 50 S2 


O # 3 3 “\| 



30 

° t )\ * 

76 | '» 

*140* 

500 pF 

TO 

0.47 pF 



71 ^v 0 ut 

1 -L* to Sampling oscilloscope 


t r < 1.0 ns 
Zj n >0.1 Megohm 
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2N 3127 (GERMANIUM) 

2N3127 JAN AVAILABLE 


CASE 20 

(TO-72) 



PNP germanium mesa transistor designed for in- 
dustrial and commercial VHF/UHF amplifier applica- 
tions. 


Active Elements Isolated From Case 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector- Emitter Voltage 

V CEO 

20 

Vdc 

Collector- Emitter Voltage 

V CES 

25 

Vdc 

Collector-Base Voltage 

V CB 

25 

Vdc 

Emitter- Base Voltage 

V EB 

0.75 

Vdc 

Collector Current 

ic 

50 

mAdc 

Total Device Dissipation @ = 25°C 

Pd 

100 

mW 

Derate above 25°C 


1.33 

mW/°C 

Operating & Storage Junction Temperature 

T Jj T stg 

-65 to +100 

°c 
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2N3127 (continued) 


TABLE I - GROUP A INSPECTION (T a = 25*C unless otherwise noted) (LTPD applies to JAN 2N3127 only) 


Examination or Test 

MIL-STD-750 

Symbol 

Limits 

Unit 

LTPD 

Method 

Min 

Max 

SUBGROUP 1 







Visual and Mechanical Examination 

2071 

- 

- 

- 

- 

10 

SUBGROUP 2 







Collector-Base Breakdown Voltage 

(I c = 100/iAdc, = °) 

3001 

Condition D 

bv cbo 

25 

— 

Vdc 



Collector- Emitter Breakdown Voltage 
(I c = 2 mAdc, I B = 0) 

3011 

Condition D 

bv ceo 

20 

— 

Vdc 



Collector-Emitter Breakdown Voltage 
(I c = 100/xAdc, V BE = 0) 

3011 

Condition C 

bv ces 

25 

— 

Vdc 



Collector-Base Cutoff Current 
(V CB = 10 Vdc, I E - 0) 

3036 

Condition D 

X CBO 

— 

3.0 

/xAdc 



Emitter-Base Cutoff Current 
(V BE - 0.75 Vdc, I c = 0) 

3061 

Condition D 

^BO 

— 

100 

jjAdc 



DC Current Gain 
(I c = 3 mAdc, V CE = 10 Vdc) 

3076 

h FE 

20 

100 

— 



Base- Emitter Saturation Voltage 
(I q = 5 mAdc, Ig = 1 mAdc) 

3066 

Condition A 

V BE(sat) 

— 

0.6 

Vdc 



Collector- Emitter Saturation Voltage 
(I c = 5 mAdc, I B = 1 mAdc) 

3071 

V CE(sat) 

— 

0.3 

Vdc 



SUBGROUP 3 







Small-Signal Current Gain 
(I C = 3 mAdc, V CE = 10 Vdc, f = 1 kHz) 

3206 

bfe 

20 

125 

— 



Current- Gain — Bandwidth Product 
(I c = 2 mAdc, V CE = 6 Vdc, f = 100 MHz) 

3261 

f T 

400 

— 

MHz 


10 

Collector - Base Capacitance* 

( V CB = 10 Vdc » J E = °> f * 0.1 1 1-0 MHz) 

3236 

C cb* 

— 

1.2 

pF 



SUBGROUP 4 







Collector-Base Cutoff Current 
(V C fi = 10 Vdc, I E = 0, T A = 85°C) 

DC Current Gain $ 0 

(Ic = 3 mAdc, V CE = 10 Vdc, T A = -55 ^ °C) 

3036 

Condition D 

3076 

^BO 

h FE ^ 

7.0 

50 

j 

U Adc 


10 

SUBGROUP 5 







Power Gain (Figure 1) 

(I c = 3 mAdc, V CE = 10 Vdc, R g = 50 ohms, 
f = 200 MHz) 

3256 

G P e 

17 

25 

dB 


15 

Noise Figure (Figure 1) 

(Iq = 3 mAdc, V CE = 10 Vdc, R g = 50 ohms, 
f = 200 MHz) 

! 3246 

NF 

- 

5.0 

dB 



STANDARD UNIT ONLY 


Collector-Base Time Constant (Figure 2) 

r b C c 



ps 



(I c = 3 mAdc, V CB = 10 Vdc, f = 31.8 MHz) 


1.0 

12 




* Measured in a guarded circuit, such that the can capacitance is not included. 

♦ Applies to JAN unit only. 
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2N3127 (continued) 


TABLE II - GROUP B INSPECTION - JAN 2N3127 only (T* = 25*C unless otherwise noted) 


Examination or Test 

MIL-STD-750 

Symbol 

Limits 

Unit 

LTPD 

Method 

Min 

Max 

SUBGROUP 1 







Physical Dimensions 

2066 

- 

- 

- 

- 

20 

SUBGROUP 2 







Solderability 
(Omit aging) 

2026 


— 

— 

— 



Temperature Cycling 
(Thigh - 100*J°C) 

1051 

Condition B 

— 

— 

— 

— 



Thermal Shock (Glass Strain) 

1056 

Condition A 

— 

— 

— 

— 



Seal (Leak Rate)** 

** 

Condition C, 
Procedure 

Ilia. 

Condition B 
for Gross 

Leaks 



10- 7 

atm 

cc/s 


15 

Moisture Resistance 

1021 

- 

- 

- 




End-Point Tests: (Subgroups 2, 3) 







Collector-Base Cutoff Current 
(V CB = 10 Vdc) 

3036 

Condition D 

! cbo 

— 

3.0 

U Adc 


DC Current Gain 
(^ = 3 mAdc, V CE = 10 Vdc) 

3076 

h FE 

20 

100 

— 


SUBGROUP 3 







Shock 

(Non-operating; 1500 G; 5 blows of 0.5 ms each in 
Orientations X^, Yj, Y2, and Zj) 

(total = 20 blows) 

2016 





' 


Vibration Fatigue 
(Non-operating; 20G) 

2046 

— 


— 

— 


15 

Vibration, Variable Frequency 

2056 

- 

- 

- 

- 



Constant Acceleration (Centrifugal) 

(20,000G, Orientations X lf Yj, Y 2 , and Zj) 

2006 

— 

— 

— 

— 



End-Point Tests: Same as Subgroup 2 







SUBGROUP 4 







Lead Fatigue 

2036 

Condition E 

— 

— 

— 

1 

15 

SUBGROUP S 







High- Temperature Life (Non-operating) 

(T stg - 100°C> 

End-Point Tests: (Subgroups 5, 6) 

1031 





X* 15 

Collector- Base Cutoff Current 
(V CB = 10 Vdc, I E = 0) 

3036 

Condition D 

! cbo 

— 

6.0 

pAdc 


DC Current Gain 
(I c = 3 mAdc, V CE = 10 Vdc) 

3076 

h FE 

17 

125 

— 


SUBGROUP 6 







Steady State Operation Life 
(I c = 10 mAdc, V CB = 10 Vdc) 

1026 

— 

— 

— 

— 

X = 15 

End-Point Tests: Same as Subgroup 5 








**Per Method 112 of MIL- STD -202 
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2N3127 (continued) 


TABLE III - GROUP C INSPECTION* - JAN 2N3127 only (T a = 25*C unless otherwise noted) 


Examination or Test 

MIL-STD-750 

Symbol 

Limits 

Unit 

LTPD 

Method 

Min 

Max 

SUBGROUP 1 








Collector-Base Time Constant (Figure 2) 


r b c c 



ps 



(I c = 3 mAdc, V CB = 10 Vdc, f = 31.8 MHz) 



— 

12 



20 

Salt Atmosphere (Corrosion) 

1041 

- 

- 

- 

- 

J 


End-Point Tests: 








Collector- Base Cutoff Current 

3036 

^BO 


3.0 

juAdc 



(V CB = 10 Vdc, IE = 0) 

Condition D 






DC Current Gain 

3076 

h FE 







(I c = 3 mAdc, V C£ = 10 Vdc) 


20 

100 




SUBGROUP 2 








Output Conductance 

(I c = 2 mAdc, V CE = 6 Vdc, f = 30 MHz) 

3216 

Re(h oe ) 

1.0 

3.5 

mmhos 

] 

10 

Input Conductance 

3221 

Re(y ie ) 



mmhos 



(I c = 2 mAdc, V C£ = 6 Vdc, f = 30 MHz) 


1.25 

5.0 





$ Group C tests shall be performed on the initial lot and every six months thereafter. 


FIGURE 1 - TEST CIRCUIT FOR POWER GAIN AND NOISE FIGURE FIGURE 2 - TEST CIRCUIT FOR COLLECTOR-BASE TIME CONSTANT 
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2n3133 thru 2N 31 36 (SILICON) 




PNP silicon annular Star transistors for high-speed 
switching and DC to UHF amplifier applications. 


CASE 22 

(TO- 18) 


2N3135 

2N3136 


Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

2N3T33 

2N3134 

(TO-5) 

2N3T35 
2N3136 
(TO- 18) 

Unit 

Collector-Base Voltage 

V CB 

50 

50 

Vdc 

Collector-Emitter Voltage 

v CEO 

35 

35 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

4.0 

Vdc 

Collector Current 

*C 

600 

600 

mA 

Total Device Dissipation 
@25°C Case Temperature 

P D 

■H 

mm 

Watts 

Derate Above 25°C 


MUM 

Bfl 

mW/°C 

Total Device Dissipation 
@ 25°C Ambient Temperature 

P D 

0.6 

0.4 

Watts 

Derate Above 25°C 


3.43 

2.28 

mW/°C 

Junction Temperature 

Tj 

-65 to +200 

°C 

Storage Temperature 

T stg 

-65 to +200 

°c 


SWITCHING CHARACTERISTICS (At 25°C unless otherwise noted) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Turn-On Time 

(^cc * 30 V, I^g = 150 mA, Igj = 15 mA) 

*on 

26 

75 

ns 

Turn-Off Time 

(V CC = OV, Ics = 150 mA, = Ig 2 = 15 mA) 


70 

150 

ns 
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2N3133 thru 2N3136 (Continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



m Pulse Test: Pulse Width < 300 4 s, duty cycle < 2% 
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2n3 1 37 (SILICON) 
MM 1803 



Collector connected to case 


NPN silicon annular transistors for large signal VHF 
and UHF applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N3137 

MM 1803 

Units 

Collector- Base Voltage 

v 

CB 

40 

50 

Vdc 

Collector- Emitter Voltage 

v 

CEO 

20 

25 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

5.0 

Vdc 

Collector Current (Continuous) 

*c 

150 

150 

mAdc 

Power Dissipation 
@25° C Case Temperature 
@25° C Ambient Temperature 

P D 

2.0 

0.8 

Watts 

Operating Junction Temperature 

Storage Temperature Range 

T J’ 

T stg 

-65 to +200 

°C 

Thermal Resistance 

Junction to Case 

d jc 

87.5 

°C/ 

Watt 

Thermal Resistance 

Junction to Ambient 

^JA 

153 

°c/ 

Watt 


250 MHz POWER GAIN TEST CIRCUIT (2N3137) 

+20V 



250 MHz POWER GAIN TEST CIRCUIT (MM1803) 

+20 V 



= .075 /iH (5. 5 turns #16ga. ID = 3/18" length 1/2") 


Lj = 3/4 turn No. 14 tinned wire 3/8" ID 

Lg = 4 turns No. 18 tinned wire 1/4" ID 7/16" long 
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2N3137, MM 1803 (Continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typical 

Max 

Unit 

Collector- Base Breakdown Voltage 


V CBO 




Vdc 

= 0. ImAdc, I„ = 0 

2N3137 

40 





MM1803 


50 




Collector-Emitter Open Base Sus. Voltage 

I c = 15mAdc, I B = 0 

2N3137 

V CEO(sus) 

20 



Vdc 

MM1803 


25 




Collector Cutoff Current 


^BO 




liAdc 

V CB = 20Vdc, I E = 0, T c = +150* C 




50 

Collector Cutoff Current 


X CBO 




//Adc 

V CB- 20VdC - I B-° 




.05 

Emitter-Base Breakdown Voltage 


v 

v EBO 




Vdc 

I £ = 100/iA, I c = 0 

2N3137 

4.0 





MM1803 


5.0 




DC Current Gain 


h FE 

M 



WjjStSM 

V CE = 5Vdc, I c = 50mAdc 

2N3137 




■ . 

MM1803 


ta 




Collector-Emitter Saturation Voltage 

I c = 50mAdc, I £ = 5mAdc 

V CE(sat) 

■ 

■ 

0.3 

Vdc 

Small Signal Current Gain 


mm 

■ 

Mai 



V CE * lOVdc, I c = 50mAdc, f = 100 MHz 





IB1 

Common-base Output Capacitance 

V CB = lOVdc, I c - 0, f - 100 kHz 

C ob 

■ 

■ 

3.5 

pF 

Power Output 


P out 

400 

600 

■ 

mWatts 

Power Gain P. * lOOmw. f = 250 MHz 
m 

2N3137 

G e 

6.0 

7.7 


dB 

Efficiency V C£ * 20Vdc 


TJ 

40 

65 

If 

% 

Power Output 


P out 

560 



mWatts. 

Power Gain P. * lOOmw, f * 250 MHz 
m 7 

MM1803 

G e 

7.5 

8.5 


db 

Efficiency V CE “ ^0V 


T] 

45 



% 


♦Pulse Width •» 300 /is. Duty cycle - 1 % 


2-436 





















2n3209 (SILICON) 


PNP SILICON ANNULAR TRANSISTOR 

. . . designed for medium-speed saturated switching applications. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.15 Vdc (Max) @ lc = 10 mAdc 

• Low Output Capacitance — 

Cob = 5.0 pF (Max) @ Vqb = 5.0 Vdc 

• DC Current Gain Specified — 10 mAdc to 100 mAdc 


^MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

20 

Vdc 

Collector-Base Voltage 

V CB 

20 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current 

! C 

200 

mAdc 

Total Device Dissipation @Ta = 25°C 

PD 

360 

mW 

Derate above 25°C 


2.06 

mW/°C 

Total Device Dissipation @Tc = 25°C 

Pd 

1.2 

Watts 

Derate above 25°C 


6.85 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-65 to +200 

°C 


Temperature Range 

* Indicates JEDEC Registered Data. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 
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2N3209 (continued) 


"ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage! D 

Oc = 10 mAdc, 1 b = 0) 

v CEO(sus) 

20 

— 

Vdc 

Collector-Emitter Breakdown Voltage 
(l C = 10/uAdc, V BE =0) 

bv CES 

20 

~ 

Vdc 

Collector-Base Breakdown Voltage 

OC = 10 juAdc, l E = 0) 

BVcbo 

20 

~ 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100 /uAdc, l C = 0) 

bvebo 

4.0 


Vdc 

Collector Cutoff Current 
(V CE = 10 Vdc, V BE =0) 

(V C e = 10 Vdc, V BE = 0, T a = 125°C) 

'CES 

- 

0.0 80 

10 

pAdc 

jiiAdc 

Base Current 

(V CE = 10 Vdc, V BE = 0) 

•b 

" 

80 

nAdc 


ON CHARACTERISTICS 


DC Current GainO ) 

(l C = 10 mAdc, V C E ® 0.3 Vdc) 

OC = 30 mAdc, V C E = 0.5 Vdc) 

OC = 30 mAdc, V C E = 0.5 Vdc, T A = -55°C) 

OC = 100 mAdc, Vce = 1.0 Vdc) 

h FE 

25 

30 

12 

15 

120 


Collector-Emitter Saturation Voltage(l) 

Vce (sat) 



Vdc 

(lC = 10 mAdc, l B = 1.0 mAdc) 


- 

0.15 


Oc = 30 mAdc, 1 B = 3.0 mAdc) 


- 

0.2 


OC = 100 mAdc, l B = 10 mAdc) 


- 

0.6 


Base-Emitter Saturation Voltage! 1) 

VBE(sat) 



Vdc 

Oc = 10 mAdc, 1 B = 1.0 mAdc) 


0.78 

0.98 


(lC = 30 mAdc, l B = 3.0 mAdc) 


0.85 

1.2 


Oc = 100 mAdc, l B = 10 mAdc) 


- 

1.7 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product(2) 

(l C = 30 mAdc, V C E = 10 Vdc, f = 100 MHz) 

*T 

400 

- 

MHz 

Output Capacitance 
(V C b = 5.0 Vdc, l E = 0, f = 140 kHz) 

^ob 

~ ' 

5.0 

PF 

Input Capacitance 

(V E b = 0.5 Vdc, l C = 0, f = 140 kHz) 

Cib 

" 

6.0 

PF 


SWITCHING CHARACTERISTICS (Figure 1) 


Turn-On Time 

0c~30 mAdc, l B i s»1.5 mAdc) 

*on 

- 

60 

ns 

Turn-Off Time 

0c~30 mAdc, l B i = l B 2«»1.5 mAdc) 

toff 

— 

90 

ns 


* Indicates JEDEC Registered Data. 

(1 )Pulse Test: Pulse Width = 300 jus, Duty Cycle = 1 .0%. 

(2)fj is defined as the frequency at which |hf e | extrapolates to unity. 
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2n3210 (SILICON) 


NPN silicon high frequency switching transistor 
is designed for high speed, saturated switching appli- 
cations for industrial service. 


CASE 22 

(TO-18) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

Applicable from 0 to 500 mAdc 

V 

v CEO 

15 

Vdc 

Collector-Base Voltage 

V 

V CB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 

*c 

500 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

0.36 

Watt 

Derate above 25°C 


2.06 

mW/°C 

Total Device Dissipation @ T^ = 25°C 

P D 

1.2 

Watts 

Derate above 25°C 


6.9 

mW/°C 

Storage Temperature Range 

T stg 

-65 to + 200 

°c 



FIGURE 1 - STORAGE TIME TEST CIRCUIT 
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2N3210 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 




Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 01 
(I c = 30 mAdc, I B = 0) 

RV 

CEO(sus) 

15 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 2. 0 juAdc, I E = 0) 

bv cbo 

40 

- 

Vdc 

Emitter-Base Breakdown Voltage 

(I E = 10 MAdc, I c = 0) 

bv ebo 

5.0 

- 

Vdc 

Collector Cutoff Current 
(Vc E =2°Vdc, V EB(o(f) -3.0Vdc) 

*CEX 

- 

25 

nAdc 

Collector Cutoff Current 
(V CB = 20 Vdc, I E = 0) 

X CBO 

- 

0.010 

MAdc 

(V CB = 20 Vdc, I E =0, T a = 150° C) 


- 

15 


Emitter Cutoff Current 
(V EB = 2.0Vdc, I c =0) 

X EBO 

- 

100 

nAdc 

Base Cutoff Current 
< V CE= 20Vdc > V EB(off) =3 '° VdC) 

l BL 

- 

0.025 

M Adc 


ON CHARACTERISTICS 


DC Current Gain Ml 
(I c = 10 mAdc, V CE = 1.0 Vdc) 

h FE 

30 

120 

" 

Collector-Emitter Saturation Voltage 
(I c = 20 mAdc, I B = 2. 0 mAdc, T^ = +125° C) 

V CE(sat) 

_ 

0.25 

Vdc 

(I,, = 200 mAdc, = 20 mAdc) 

U D 


- 

0. 75 


Base -Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1.0 mAdc) 

V BE(sat) 

0.7 

0.8 

Vdc 

(I'C = 200 mAdc, Ig = 20 mAdc) 


- 

1. 5 



DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product 

OU = 20 mAdc, V __ = 10 Vdc, f = 100 MHz) 

C Cis 

f T 

300 

- 

MHz 

Output Capacitance 

(V„_, = 10 Vdc, I_ = 0, f = 100 kHz) 

Id & 

O 
o 
c r 

- 

6.0 

pF 

Turn-On Time 

( V BE( 0 ff) = °* 2 Vdc > l C = 200 mAdc ’ J B1 = 40 mAdc ) (figure 2) 

‘on 

- 

40 

ns 

Turn-Off Time 

(1^ = 200 mAdc, Ig^ = 40 mAdc, 1^ = 20 mAdc) (Figure 2) 

t off 

- 

40 

ns 

Storage Time 

U c « ! b1 88 lg 2 ~ 20 roA^) (Figure 1) 

t 

s 

- 

20 

ns 


W Pulse Test: Pulse Width £ 300 jus, Duty Cycle £ 2. 0%. 


FIGURE 2 - TURN-ON AND TURN-OFF TEST CIRCUIT 
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2n321 1 (SILICON) 



CASE 22 

(TO- 18) 


NPN silicon high frequency switching transistor de- 
signed for high speed, saturated switching applications 
for industrial service. 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEO 

15 

Vdc 

Collector-Base Voltage 

v 

V CB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current 

J c 

500 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

0.36 

Watt 

Derate above 25°C 


2.06 

mW/°C 

Total Device Dissipation @ T^ = 25°C 

P D 

1.2 

Watts 

Derate above 25°C 


6.9 

mW/°C 

Operating & Storage Junction 

Temperature Range 

T J’ T stg 

-65 to +200 

°C 


ELECTRICAL CHARACTERISTICS (T A = 25*C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I c = 30 mAdc, Ig = 0) 

bv ceo 

15 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 10 MAdc, I £ = 0) 

bv cbo 

40 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 10 MAdc, I c = 0) 

bv ebo 

6.0 

- 

Vdc 

Collector Cutoff Current 
<V CE = 20 Vdc, V E B( 0 , ( ) =3.0^0 

r CEX 

- 

25 

nAdc 

Base Cutoff Current 
< V CE= 20Vd<: - V EB(off)= 3 - 0Vd c) 

(V CE = 20 Vdc, V EB(off) = 3. 0 Vdc, T a = 85° C) 

J BL 

i 

- 

0. 025 

10 

MAdc 


ON CHARACTERISTICS 


DC Current Gain ID j 
(I c = 100 MAdc, V CE = 1.0 Vdc) 

h FE 

20 

_ 

- 

(I c = 1.0 mAdc, V CE =1.0 Vdc) 


50 

- 


(I c = 10 mAdc, V C£ = 1.0 Vdc) 


50 

150 


(I c = 10 mAdc, V CE = 1.0 Vdc, T A = -55° C) 


20 

- 


(I c = 50 mAdc, V CE = 1.0 Vdc) 


40 

- 


(I c = 100 mAdc, V CE = 1.0 Vdc) 


30 

- 


(I c = 500 mAdc, V CE =5.0 Vdc) 


10 

- 


Collector-Emitter Saturation Voltage ID 
(1^ = 10 mAdc, Ig = 1. 0 mAdc) 

V CE(sat) 

_ 

0.2 

Vdc 

(I c = 50 mAdc, Ig = 5. 0 mAdc) 


- 

0.3 


(I c = 100 mAdc, Ig = 10 mAdc) 


- 

0.4 


Base-Emitter Saturation Voltage ID 
(I c = 10 mAdc, Ig = 1. 0 mAdc) 

V BE(sat) 

_ 

0.85 

Vdc 

(I c = 50 mAdc, Ig = 5.0 mAdc) 


- 

1.0 


(1^ = 100 mAdc, Ig = 10 mAdc) 


- 

1.2 



Pulse Test: Pulse Width £ 300 ms, Duty Cycle g 2. 0%. 
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2N321 1 (continued) 


ELECTRICAL CHARACTERISTICS (T* = 25*C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

DYNAMIC CHARACTERISTICS 

Current -Gain - Bandwidth Product 
(I = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) 

f T 

350 

. 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kHz) 

C ob 

- 

4.0 

pF 

Input Capacitance 

(V BE = 0. 5 Vdc, I c = 0, f = 100 kHz) 

c ib 

- 

7.0 

pF 

Charge-Storage Time Constant 
(l c * I Bl » I B2 * 10 mAdc) (Figure 1) 

T s 

- 

15 

ns 

Total Control Charge 

(I = 10 mAdc, I B = 1. 0 mAdc) (Figure 2) 

+ 

- 

60 

PC 

Active Region Time Constant 
(1^, = 10 mAdc, Ig = 1.0 mAdc) (Figure 3) 

7 a 

- 

2.5 

ns 


FIGURE 1 - CHARGE STORAGE TIME CONSTANT TEST CIRCUIT 


+ 10Vdc 



FIGURE 2 - TOTAL CONTROL CHARGE TEST CIRCUIT 



FIGURE 3 - ACTIVE REGION TIME CONSTANT TEST CIRCUIT 


_rr 


+ 6.0 V 


INPUT 

SIGNAL 



NOTES FOR FIGURES 2, 3 

INPUT PULSE - TRANSITION TIME TO +6.0 Vdc ^ 2.0 ns 

INPUT PULSE-OPTIONAL GENERATOR OUTPUT IMPEDANCE: ADJUST FOR +6.0Vdc 

SCOPE INPUT CAPACITANCE = 3.0 pF MAX 

SCOPE INPUT IMPEDANCE = 10 MEGOHMS 

SCOPE RISE TIME ^0.7 ns 


2n3227 (SILICON) 


For Specifications, See 2N2369 Data. 








2N3232 (SILICON) 

2n3235 


CASE 1 1 



(TO-3) 


NPN silicon power transistors designed for switch- 
ing and amplifier applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N3232 

2N3235 

Units 

Collector -Base Voltage 

v 

V CB 

60 

55 

Vdc 

Collector -Emitter Voltage 

v 

CEO 

60 

55 

Vdc 

Emitter -Base Voltage 

V EB 

6.0 

7.0 

Vdc 

Collector Current (Continuous) 


7.5 

15 

Adc 

Base Current (Continuous) 

r B 

3.0 

7. 0 

Adc 

Power Dissipation 

P D 

117 

Watts 

Thermal Resistance, Junction to Case 

^JC 

1.5 

°c/w 

Junction Operating Temperature Range 

T J 

-65 to +200 

°c 


FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 



0 25 50 75 100 125 150 175 200 

T^, Case Temperature (°C) 


2-443 




2N3232, 2N3235 (continued) 


ELECTRICAL CHARACTERISTICS <Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Emitter -Base Cutoff Current 
(V EB = 6.0 Vdc) 

2N3232 

X EBO 


1.0 

mAdc 

(V EB = 7. 0 Vdc) 

2N3235 


- 

5.0 


Collector -Emitter Cutoff Current 
(V CE = 60 Vdc, V BE =-1.5 Vdc) 

(V CE = 30 Vdc, V BE = -1. 5 Vdc, T c = 150°C) 

2N3232 

2N3235 

2N3232 

2N3235 

X CEX 

- 

1.0 

1.0 

5.0 

5.0 

mAdc 

Collector -Emitter Sustaining Voltage* 

(I c = 100 mAdc, I B = 0) 

2N3232 

2N3235 

v CEO(sus) 

60 

55 

- 

Vdc 

Collector Current 

(V CE = 60 Vdc, I B = 0) 

2N3232 

! ceo 

_ 

10 

mAdc 

(V CE = 55 Vdc, I B = 0) 

2N3235 


- 

10 


DC Current Gain* 

(I c = 1.5 Adc, V CE = 10 Vdc) 

2N3232 

h FE 

18 

- 

- 

(I c = 3.0 Adc, V C£ = 10 Vdc) 

2N3232 


18 

55 


(I c = 2 Adc, V CE = 4 Vdc) 

2N3235 


20 

- 


(I c = 4 Adc, V CE = 4 Vdc) 

2N3235 


20 

70 


Collector -Emitter Saturation Voltage 
(I c = 3.0 Adc, I R = 0.2 Adc) 

2N3232 

V CE(sat) 

_ 

2.5 

Vdc 

(I c = 4. 0 Adc, I B = 0. 4 Adc) 

2N3235 


- 

1.1 


Base -Emitter Voltage* 

(I c = 3.0 Adc, V CE = 10 Vdc) 

2N3232 

V BE 

_ 

3.5 

Vdc 

(I c =4.0 Adc, V CE = 4 Vdc) 

2N3235 


- 

1.8 


Small Signal Current Gain 
( V CE = 10 Vdc, x c = 3.0 Adc, f = 1.0 MHz) 

2N3232 

h fe 

1.0 

_ 

- 

( V CE = 4 vdc > x c = 4 -° Adc > f = 1-0 MHz) 

2N3235 


1.0 

- 



♦Use sweep test to prevent overheating. 
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2n3244 (SILICON) 
2n3245 



Collector connected to case 


PNP silicon annular transistors for medium-current, 
high-speed switching and driver applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N 

3244 

2N 

3245 

Unit 

Collector -Base Voltage 

V CB 

40 

50 

Vdc 

Collector -Emitter Voltage 

V CEO 

40 

50 

Vdc 

Emitter-Base Voltage 

V EB 

5 

.0 

Vdc 

Collector Current 

«C 

1 

.0 

Adc 

Total Device Dissipation 
@ 25 ° C Ambient Temperature 

P D 

1.0 

Watt 

Derating Factor Above 25'°C 


5.71 

mW/°C 

Total Device Dissipation 
@ 25 ° C Case Temperature 

P D 

5 

.0 

Watts 

Derating Factor Above 25° C 


28.6 

mW/°C 

Junction Temperature, Operating 

T J 

+200 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 

Thermal Resistance, Junction to Ambient 

*JA 

fl . 

°C/mW 

Thermal Resistance, Junction to Case 

0JC 


°C/W 
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2N3244, 2N3245 (Continued) 


ELECTRICAL CHARACTERISTICS <t a = 25°C unless otherwise noted) 


Characteristic 


Collector Cutoff Current 
(V CB = 30Vdc, I E = 0) 

(V CB = 30 Vdc, I E = 0, T A = 100° C) 


Collector Cutoff Current 

(V CE = 3° v de, v - 3 Vdc) 


Fig. No. Symbol Min Max 


Emitter-Base Leakage Current 

<V EB = 3 Vdc ’ l c- 0) 


Base Cutoff Current 
(V CE -30Vdc, V_ E , {{ , = 3 Vdc) 


Collector -Base Breakdown Voltage 
(I c = 10 pi Adc, I E = 0) 


Collector-Emitter Breakdown Voltage (1) 
(I c = 10 mAdc, I B = 0) 


Collector Saturation Voltage 
(I c = 150 mAdc, Ig = 15 mAdc) 

(I c = 500 mAdc, Ig = 50 mAdc) 

(I c = 1 Adc, Ig - 100 mAdc) 


Base-Emitter Saturation Voltage 
(I c = 150 mAdc, I 0 = 15 mAdc) 


(I c = 500 mAdc, Ig = 50 mAdc) 

(I c = 1 Adc, Ig = 100 mAdc) 


DC Forward Current Transfer Ratio 
(I c = 150 mAdc, V C£ = 1.0 Vdc) 

2N3244 

2N3245 

(I c = 500 mAdc, V CE = 1.0 Vdc) 

2N3244 

2N3245 

(I c = 1 Adc, V CE = 5 Vdc) 

2N3244 

2N3245 

Output Capacitance 

(V CB = 10 Vdc, I E = 0, f = 100 kHz) 


Input Capacitance 

(V OB = 0.5 Vdc, I c = 0, f = 100 kHz) 


Current -Gain - Bandwidth Product 

(I c = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 


Delay Time 


Rise Time 


Storage Time 


(I c = 500 mA, I B1 = 50 mA 
V OB = 2 V ' V CC = 30 V) 


(I c = 500 mA,V cc - 30 V 


^1 “ ^2 * 50 mA) 


Total Control Charge 


(I c = 500 mA, Ig = 50 mA, V cc = 30 V) 

2N3244 

2N3245 
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, MAXIMUM COLLECTOR-EMITTER VOLTAGE (VOLTS) V CEl MAXIMUM COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N3244, 2N3245 (Continued) 


FIGURE 1 - MINIMUM CURRENT GAIN CHARACTERISTICS 



l c , COLLECTOR CURRENT (mA) 


FIGURE 2- COLLECTOR-EMITTER SATURATION VOLTAGE CHARACTERISTICS 



0.5 1.0 2.0 5.0 

l„ BASE CURRENT (mA) 


2 — 



VOLTAGE (VOLTS) 


2N3244, 2N3245 (Continued) 


FIGURE 3 - MAXIMUM SATURATION VOLTAGES 



50 100 200 500 1000 

l c , COLLECTOR CURRENT (mA) 


FIGURE 4 - TYPICAL TEMPERATURE COEFFICIENTS 




0.1 0.2 0.5 1.0 2.0 5.0 10 20 30 

REVERSE BIAS (VOLTS) 


FIGURE 7 - CHARGE DATA 



FIGURE 10 -Q t TEST CIRCUIT 



FIGURE 6 - TYPICAL SWITCHING TIMES 



100 200 300 400 600 800 


l Cl COLLECTOR CURRENT (mA) 


FIGURE 8 - TURN-ON EQUIVALENT TEST CIRCUIT 


+2V , 

o-4 


— 10.75 V * 1 

PW = 200 ns 
RISE TIME ^2 ns 
DUTY CYCLE = 2% 

FIGURE 9 - TURN 


-30 V 
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2n3248 (SILICON) 
2n3249 



Collector connected to case 


PNP silicon annular transistors for low-level, high- 
speed switching applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

15 

Vdc 

Collector- Emitter Voltage 

V CEO 

12 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Total Device Dissipation 
@ 25°C Ambient Temperature 

P D 

0.36 


Derate above 25°C 


2.06 


Total Device Dissipation 
@ 25°C Case Temperature 

P D 

1.2 

Watts 

Derate above 25°C 


6.9 

mW/°C 

Operating Junction Temperature 

Tj 

200 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


FIGURE 1 - ^ CIRCUIT 


k< lM 
-r^-o 


“ir 


“H I - *- 300 ns 

DUTY CYCLE = 2% 



FIGURE 2 — t off CIRCUIT 



Ic 

mA 

Vcc 

volts 

R, 

ohms 

Rc 

ohms 

pF 

Vo. 

volts 

V, 

volts 

V, 

volts 

V, 

volts 

10 

3 

10 K 

285 

4 

+0.5 

-10.6 

-10.9 

+ 9.1 

100 

10 

IK 

95 

12 

+0.5 

-10.7 

-11.3 | 

+8.7 


•Total shunt capacitance of test jig and connectors. 
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2N3248, 2N3249 (Continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless othewise noted) 


Characteristic 


Symbol 

Min 

Max 

Unit 

Collector -Cutoff Current 



*CEX 



/li Adc 

(V CE = 10 Vdc 

, VBEfoff ) = 1 Vdc) 




0.05 


(V CE = 10 Vdc 

, V BE ( 0 ff) = 1 Vdc, T a = 100°C) 




5.0 


I Base Cutoff Current 



X BL 



nAdc 

! (V CE = 10 Vdc 

. V B E(off)= 1 Vdc) 



— 

50 


1 Collector-Base Breakdown Voltage 


mum 

bv cbo 



Vdc 

j (Ip = 10 /i Adc, 

i E ■ o) 



15 

— 


1 Cdllector- Emitter Breakdown Voltage 



bv ceo 



Vdc 

| (Ip = 10 mAdc, 

, i B = 0) 



12 

— 


Emitter- Base Breakdown Voltage 



bv ebo 



Vdc 

(I E = 10 4 Adc, I c = 0) 



5.0 

— 

Collector Saturation Voltage O) 


7,8 

v CE(sat) 


| | | 

Vdc 

(Ic = 10 mAdc, 

, Ig = 1 mAdc) 


— 


(Ip = 50 mAdc 

, I R = 5 mAdc) 




— 

■ 


(Ip = 100 mAdc, Ig = 10 mAdc) 

2N3248 



— 

0.4 




2N3249 



— 

0.45 


Base-Emitter Saturation Voltage W 


8 

V BE(sat) 


0.9 

Vdc 


, lg = 1 mAdc) 



0.6 


| (Ip = 50 mAdc, 

, In ■ 5 mAdc) 




— 

1.1 


| (I c = 100 mAdc, T b = 10 mAdc) 




0.7 

1.3 


1 DC Current Gain 

m 


4 

h FE 



■_H| 

(Ip = 0.1 mAdc, V rF = 1 Vdc) 

2N3248 


50 

— 

| 



2N3249 



100 

— 

MmBE! 

(I~ = 1.0 mAdc, V CE = 1 Vdc) 

2N3248 



50 

— 

mmK 



2N3249 



100 

— 


(I 0 =10 mAdc 

. V CE = 1 Vdc) 

2N3248 



50 

150 



2N3249 



100 

300 


(I 0 = 50 mAdc 

, V CE = 1 Vdc) 

2N3248 



35 

— 

s 


2N3249 



75 

— 

- / 

(Ip = 100 mAdc, V rF = 1 Vdc) 

2N3248 



25 

— 





2N3249 



35 

— 

| 

Output Capacitance 


6 

C ob 


8.0 

pF 

(V CB = 10 Vdc, I E = 0, f = 100 kHz) 



— 


Input Capacitance 


6 

C ib 



pF 

(V B £ = 1 Vdc, 

Ip = 0, f = 100 kHz) 



— 

8.0 


Current-Gain — 

Bandwidth Product 



f T 

mm 

ISHfl 

MHz 

0 

1 

o 

<M 

II 

, V CE = 10 Vdc, f = 100 MHz) 

2N3248 



El 

| 


2N3249 



mm 



Total Control Charge 


5,10 

Q t 

mmmm 


PC 

(Ip = 10 mA, I B = 0.25 mA, V cc = 3V) 



IE9 

150 


Delay Time 

Ip = 100 mA, Ip, = 10 mA 

, 

1,3 

td 

— 

5.6 

ns 

Rise Time 

Vj3Efoff) 0.5 V, V CC - 10 V 

V 

— 

15 

ns 

Storage Time 

Ip = 100 mA, I B i = Igo = 

= 10 mA, 

2,3 

‘s 

— 

60 

ns 

Fall Time 

o 

II 

o 

< 



— 


ns 

Turn-On Time 

I c = 10 mA, I B1 = 1 mA, 
V BEWf) = 0.5 V,V CC = 3 

V 

1,3 

*on 

■ 

90 

ns 

Turn-Off Time 

Ic = 1° mA > IBI = 1b2 = 
V CC = 3 V 

’ 1 mA, 

2,3 

t off 

H 

100 

ns 


111 Pulse Test: PW = 300 ns. Duty Cycle S 2% 
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2N3248, 2N3249 (Continued) 


FIGURE 4- MINIMUM CURRENT GAIN CHARACTERISTICS 









, SATURATION VOLTAGE (VOLTS) V*. MAXIMUM COLLECTOR-EMITTER VOLTAGE (VOLTS) V«, MAXIMUM COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N3248, 2N3249 (Continued) 







2N3250, A (SILICON) 
2n3251, A 

2N3250A JAN, JTX AVAILABLE 
2N3251A jan, jtx available 



PNP silicon annular transistors 
switching and amplifier applications. 


for 


high-speed 


Collector connected to case 

MAXIMUM RATINGS 


Rating 

Symbol 

2N3250 

2N3251 

2N3250A 

2N3251A 

Unit 

Collector-Base Voltage 

V CB 

50 

60 

Vdc 

Collector -Emitter Voltage 

v CEO 

40 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 


200 

mAdc 

Total Device Dissipation 
@ 25°C Case Temperature 

Derating Factor Above 25 °C 

P D 

1.2 

6.9 

Watts 

mW/°C 

Total Device Dissipation 
@ 25°C Ambient Temperature 
Derating Factor Above 25 °C 

PD 

0.36 

2.06 

Watts 

mW/'C 

Junction Operating Temperature 

T J 

200 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 

Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case 

*JA 

*JC 

0. 49 

0.15 

°C/mW 

°C/mW 
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2N3250, A, 2N3251, A (Continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector Cutoff Current 
(V CE = 4° v dc, V BE(o££) . 3 Vdc) 

: cex 

B 

20 

nAdc 

Base Cutoff Current 
(V CE - 40 Vdc, V BE(o££) = 3 Vdc) 

X BL 

~ 

50 

nAdc 

Collector-Base Breakdown Voltage 2N3250, 2N3251 

(I c = 10/iAdc) 2N3250A, 2N3251A 

bv cbo 

50 

60 

- 

Vdc 

Collector-Emitter Breakdown Voltage (1) 2N3250 2N3251 

d C = 10 mAdc) 2N3250A, 2N3251A 

bv ceo 

40 

60 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 10/iAdc) 

bv ebo 

5.0 

- 

Vdc 

Collector Saturation Voltage (1> 

(I c = 10 mAdc, Ig = 1 mAdc) 

(I c = 50 mAdc, Ig = 5 mAdc) 

V CE(sat) 

1 

0.25 

0.5 

Vdc 

Base-Emitter Saturation Voltage (1) 

d c = 10 mAdc, Ig = 1 mAdc) 

(1^, = 50 mAdc, Ig = 5 mAdc) 

V BE(sat) 

0.6 

a. 9 

1.2 

Vdc 

DC Forward Current Transfer Ratio 
d c = 0. 1 mAdc, V c = 1 Vdc) 2N3250, 2N3250A 

2N3251, 2N3251A 

(I = 1 mAdc, V c = 1 Vdc) 2N3250, 2N3250A 

2N3251, 2N3251A 

(I c = 10 mAdc, V CE = 1 Vdc) 2N3250, 2N3250A 

2N3251, 2N3251A 

(I c = 50 mAdc, V™ = 1 Vdc) 2N3250, 2N3250A 

2N3251, 2N3251A 

h FE 

40 

80 

45 

90 

50 

100 

15 

30 

1 


Output Capacitance 
(V CB = 10 Vdc, I £ = 0, f = 100 kHz) 

C ob 

- 

6.0 

pF 

Input Capacitance 
(V CB = 1 Vdc, I c = 0, f = 100 kHz) 

C ib 

~ 

8.0 

pF 

Current-Gain - Bandwidth Product 2N3250, 2N3250A 

(I c = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) 2N3251, 2N3251A 

f T 

250 

300 

B 

MHz 


SMALL SIGNAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Small Signal Current Gain 2N3250, 2N3250A 

d c =1-0 mA, V CE = 10 V, f = 1 kHz) 2N3251, 2N3251A 

h fe 

50 

100 

ia 

n 

Voltage Feedback Ratio 2N3250, 2N3250A 

(I c = 10 mA, V CE = 10 V, l = 1 kHz) 2N3251, 2N3251A 

h re 

H 

10 

20 

X10' 4 

Input Impedance 2N3250, 2N3250A 

d c = 1.0 mA, V CE = 10 V, f = 1 kHz) 2N3251, 2N3251A 

h ie 

1.0 

2.0 

6.0 

12 

kohms 

Output Admittance 2N3250, 2N3250A 

d c = 1.0 mA, V C£ = 10 V, f = 1 kHz) 2N3251, 2N3251A 

h oe 

4.0 

10 

40 

60 

H mhos 

Collector-Base Time Constant 
(I c = 10 mA, V CE = 20 V) 


— 

250 

ps 

Noise Figure 

d c = 100 *A, V CE = 5 V, R s = 1 ka f = 100 Hz ) 

NF 

B 

6.0 

dB 


<v Pulse Test: PW = 300 /lls, Duty Cycle = 2% 
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2N3250, A, 2N3251, A (Continued) 


SWITCHING CHARACTERISTICS <T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Max 

Unit 

Delay Time 

(V CC = 3 VdC ’ V BE = °* 5 VdC 

I c = 10 mAdc, Igj = 1 mA) 

B 

35 

ns 

Rise Time 

‘r 

35 

ns 

Storage Time 

^B1 " ! B2 = 1 mAdc 

2N3250, 2N3250A 

2N3251, 2N3251A 

‘s 

175 

200 

ns 

Fall Time 

v cc = 3V) 


■ 

50 

ns 


SWITCHING TIME CHARACTERISTICS 



1 2 5 10 20 50 

Ic, COLLECTOR CURRENT (mA) 



1 2 5 10 20 50 

l c , COLLECTOR CURRENT (mA) 
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2N3250, A, 2N3251, A (Continued) 


AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE FIGURE VARIATIONS 

(V c « = 6V, T a = 25°C) 


FIGURE 3 — FREQUENCY 



100 200 400 IK 2K 4K 10K 20K 40K 100K 

f, FREQUENCY (Hz) 



100 200 400 IK 2K 4K 10K 20K 40K 100K 

R s , SOURCE RESISTANCE (OHMS) 


h PARAMETERS 

Vet = 10 V, f = 1 kHz, T a = 25*C 



0.1 0.2 0.5 1.0 2.0 5.0 10 

l c , COLLECTOR CURRENT (mA) 


FIGURE 6 — OUTPUT ADMITTANCE 



0.1 0.2 0.5 1.0 2.0 5.0 10 

l c , COLLECTOR CURRENT (mA) 



0.1 0.2 0.5 1.0 2.0 5.0 10 

l c , COLLECTOR CURRENT (mA) 



0.1 0.2 0.5 1.0 2.0 5.0 10 

l c , COLLECTOR CURRENT (mA) 
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SATURATION VOLTAGE (VOLTS) V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) h FE , NORMALIZED CURRENT GAIN 


2N3250, A, 2N3251, A (Continued) 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 

lc. COLLECTOR CURRENT 1mA) 


FIGURE 10— COLLECTOR SATURATION REGION 



This graph shows the effect of base current on collector current. p 0 is the 
current gain of the transistor at 1 volt, and (h (forced gain) is the ratio of I c /Ibf 
in a circuit. EXAMPLE: For type 2N3251, estimate a base current (l BF ) to insure 
saturation at a temperature of 25°C and a collector current of 10 mA. 

Observe that at l c =- 10 mA an overdrive factor of at least 2.5 is required to 
drive the transistor well into the saturation region. From Figure 9, it is seen that 
h FE @ 1 volt is typically 167 (guaranteed limits from the Table of Characteristics 
can be used for “worst-case” design) . . . 


po hpg @ 1 Volt or 167 
Pf Ic/Ibf 25 ” 10mA/l, F 


I B f s 6.68 mA typ 



1 2 5 10 20 50 

lc, COLLECTOR CURRENT (mA) 


FIGURE 12 — TEMPERATURE COEFFICIENTS 
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r k 'C c , COLLECTOR-BASE TIME CONSTANT (ps) 
f Tl CURRENT GAIN - BANDWIDTH PRODUCT « mhz) 


2N3250, A, 2N3251, A (Continued) 



0 5 10 15 20 25 30 

l c , COLLECTOR CURRENT (mAdc) 


FIGURE 14 — 30 MC EQUIVALENT CIRCUIT 

V C e = 10V; 
l E = 5 mA, 

M.A. G. = 29 dB (TYPICALLY) 


E 


FIGURE 15 — JUNCTION CAPACITANCE 


FIGURE 16— CHARGE DATA 



0.1 0.2 0.5 1.0 2.0 5.0 10 

REVERSE BIAS (VOLTS) 



1 2 5 10 20 
l c , COLLECTOR CURRENT (mA) 
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2n3252, 2n3253 (SILICON) 

2N3253 JAN AVAILABLE 

2N3444 

2N3444 JAN AVAI LABLE 

\ NPN silicon annular transistors for high-current 
saturated switching and core driver applications. 

Collector connected to case 

MAXIMUM RATINGS 



SWITCHING CHARACTERISTICS (T A = 25°C unless otherwise noted) 
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2N3252, 2N3253, 2N3444 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector Cutoff Current 


X CBO 


mm 

|iAdc 

(V CB = 40 Vdc, I E = 0) 

2N3252 

— 



(Vcb = 40 Vdc, I E = 0, T A = 100°C) 

2N3252 





(Vcb = 60 Vdc, I E = 0) 

2N3253, 2N3444 



0.50 


(V CB = 60 Vdc, I E = 0, T a = 100°C) 

2N3253, 2N3444 



75.0 


Emitter Cutoff Current 


! ebo 

■ 


fJAdc 

(V B f = 4 Vdc, I c = 0) 


| 

0.05 


Collector Cutoff Current 


X CEX 



H Adc 

(V CE = 40 Vdc, V EB(0(fl = 4 Vdc) 

2N3252 

— 

0.5 


(V CE = 60 Vdc, V EB(off) = 4 Vdc) 

2N3253, 2N3444, 


— 

0.5 


Base Cutoff Current 


X BL 



J/Adc 

<V CE = 40 Vdc, V EB(o „ r 4 Vdc) 

2N3252 




(V CE = 60 Vdc, v EB(off) = 4 Vdc) 

2N3253, 2N3444 





Collector-Base Breakdown Voltage 


bv cbo 



Vdc 

(IC = 10 //Adc, I E = 0) 

2N3252 

60 

— 



2N3253 


75 





2N3444 


80 

— 


Collector- Emitter Breakdown Voltage m 

bv ceo 



Vdc 

(I c = 10 mAdc, pulsed, I B = 0) 

2N3252 





2N3253 






2N3444 



MM 


Emitter-Base Breakdown Voltage 


bv ebo 



Vdc 

(I E = 10 //Adc, Ic = 0) 


5.0 



Collector Saturation Voltage ID 


V CE (sat) 


MB 

Vdc 

(I c =150 mAdc, Ig - 15 mAdc) 

2N3252 

— 

■ 


2N3253, 2N3444 


— 



(Ic = 500 mAdc, I B = 50 mAdc) 

2N3252 


— 

0.5 


2N3253, 2N3444 


— 

0.60 


(I c = 1.0 Adc, I B = 100 mAdc) 

2N3252 


— 

1.0 


2N3253, 2N3444 


— 

1.2 


Base-Emitter Saturation Voltage (1) 



■ 

mm 

Vdc 

(I c = 150 mAdc, Ig = 15 mAdc) 


■ 



(Ic = 500 mAdc, Ig = 50 mAdc) 




1 


(I C = 1.0 Adc, Ig = 100 mAdc) 




99 


DC Forward Current Transfer Ratio m 


h FE 



— 

(I c = 150 mAdc, V CE = 1 Vdc) 

2N3252 

30 




2N3253 


25 





2N3444 


20 

— 


(IC = 500 mAdc, Vc E - 1 Vdc) 

2N3252 


30 

90 


2N3253 


25 

75 



2N3444 


20 

60 


(I c = 1 Adc, V CE = 5 Vdc) 

2N3252 


25 




2N3253 


20 

— 



2N3444 


15 

— 



Pulse Test: Pulse width = 300 ps, duty cycle - 2% 
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Vet, MAXIMUM COLLECTOR SATURATION VOLTAGE (VOLTS) Vet, MAXIMUM COLLECTOR SATURATION VOLTAGE (VOLTS) V C t, MAXIMUM COLLECTOR SATURATION VOLTAGE (VOLTS) 


2N3252, 2N3253, 2N3444 (continued) 


COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 



2 3 4 5 6 7 8 9 10 15 20 30 40 50 60 70 80 90 100 150 200 

l„ BASE CURRENT (mA) 



l„ BASE CURRENT (mA) 



2 3 4 


8 9 10 


15 20 30 

l„ BASE CURRENT (mA) 


40 50 60 70 80 90 100 


150 200 
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2N32 52, 2N3253, 2N3444 (continued) 


















2N3279 thru 2N3282 (GERMANIUM) 


CASE 20 

(TO-72) 



PNP germanium epitaxial mesa transistors for high- 
gain, low-noise amplifier, oscillator, mixer and fre- 
quency multiplier applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N3279 

2N3280 

2N3281 

2N3282 

Unit 

Collector-Emitter Voltage 

v 

V CEO 

20 

15 

Vdc 

Collector-Emitter Voltage 

v 

CES 

30 

Vdc 

Collector-Base Voltage 

v 

CB 

30 

Vdc 

Emitter-Base Voltage 

V EB 

1.0 

0.5 


Collector Current 

r c 

50 

mAdc 

Total Device Dissipation @ T A = 25° C 

P D 

100 

mW 

Derate above 25° C 

1 . 

33 

mW/°C 

Operating and Storage Junction Temperature Range 

T J’ T stg 

-65 to +100 

°c 


POWER GAIN AND NOISE FIGURE versus COLLECTOR CURRENT 
200 MHZ 


NEUTRALIZED POWER GAIN AND NOISE FIGURE versus 
FREQUENCY 
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2N3279 thru 2N3282 (Continued) 


ELECTRICAL CHARACTERISTICS <Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector -Emitter Breakdown Voltage 

(I_ =2.0 mAdc, = 0) 

C B 

2N3279, 2N3280 
2N3281, 2N3282 

bv ceo 

20 

15 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(I c = 100 MAdc, V BE = 0) 

bv ces 

30 

- 


Vdc 

Collector-Base Breakdown Voltage 
(I c = 100 nAdc, I E =0) 

bv cbo 

30 

- 


Vdc 

Collector Cutoff Current 
(V CB = 10 Vdc, I E = 0) 

All Types 

X CBO 

_ 

1.0 

5.0 

jiiAdc 

(V CB = 10 Vdc, I E = o, T A = +55° C) 

2N3279, 2N3280 


- 

- 

50 


Emitter Cutoff Current 
(V BE = 0. 5 Vdc, I c = 0) 

2N3281, 2N3282 

X EBO 

_ 

_ 

100 

/iAdc 

(V BE = 0. 75 Vdc, I c = 0) 

2N3279, 2N3280 


- 

- 

100 



ON CHARACTERISTICS 


DC Current Gain 






_ 

(1^ =3.0 mAdc, V„„ = 10 Vdc) 

C CE 

2N3279, 2N3280 

1 E 

10 

- 

70 


2N3281, 2N3282 


10 

- 

100 


Collector-Emitter Saturation Voltage 


V CE(sat) 




Vdc 

(I = 5. 0 mAdc, I =1.0 mAdc) 

C B 

2N3279, 2N3280 

- 

- 

0.3 


2N3281, 2N3282 


- 

- 

0.5 


Base -Emitter Saturation Voltage 


^BE(sat) 




Vdc 

(I_ = 5. 0 mAdc, I_ = 1. 0 mAdc) 

C B 

2N3279, 2N3280 

- 

- 

1.0 


2N3281, 2N3282 


- 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Cur rent -Gain -Bandwidth P roduct 


f T 


— 


MHz 

(I c = 3. 0 mAdc, V CE = 10 Vdc) 

2N3279, 2N3280 


400 

500 

800 


2N3281, 2N3282 


300 

400 

800 


Maximum Frequency of Oscillation 


f 




MHz 

(I c = 3. 0 mAdc, V CE = 10 Vdc) 


tllclX 

- 

2000 

- 


Output Capacitance* 


C ob* 




pF 

(V CB = 10 Vdc, I E = 0, f = 100 kHz) 

2N3279 

- 

0.9 

1. 0 


2N3280 thru 2N3282 


- 

1.0 

1.2 


Small -Signal Current Gain 


h fe 




_ 

(I c = 3. 0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

2N3279, 2N3280 

10 

- 

100 


2N3281, 2N3282 


10 

- 

150 


Collector-Base Time Constant 


r h' C P 




ps 

(I E =3.0 mAdc, V CB = 10 Vdc, f = 31. 8 MHz) 

2N3279, 2N3280 

D C 

3.0 

5.0 

10 


2N3281, 2N3282 


3.0 

5.0 

15 


Noise Figure 


NF 




dB 

(I c = 3. 0 mAdc, V CE = 10 Vdc, f = 200 MHz) 

2N3279, 2N3280 


- 

2.9 

3. 5 


2N3281, 2N3282 


- 

4.0 

5.0 



FUNCTIONAL TESTS 


Power Gain 

(I c = 3. 0 mAdc, V CE = 10 Vdc, f = 200 MHz) 

2N3279, 2N3280 
2N3281, 2N3282 

G 

pe 

17 

16 

- 

23 

23 

dB 

Power Gain (AGC)** 

(I c = 20 mAdc, V CE = 5. 0 Vdc, f = 200 MHz) 

2N3279, 2N3281 

G (AGC)** 
pe v 



0 

dB 

2N3280, 2N3282 


- 

0 

- 



*C Qb is measured in a guarded circuit such that the can capacitance is not included. 

**AGC is obtained by increasing I . The circuit remains adjusted for V = 10 Vdc and I = 3. 0 mAdc 
operation. L CE C 
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2n3283 thru 2n3286 (GERMANIUM) 



CASE 20 

(TO-72) 


PNP germanium epitaxial mesa transistors for TV 
and FM, RF and IF amplifier, oscillator and general 
purpose high- gain, low-noise amplifier applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N3283 

2N3284 



Collector- Emitter Voltage 

V CES 

25 

20 


Collector- Base Voltage 

V CB 

25 

20 


Emitter- Base Voltage 

V EB 

0.5 

Vdc 

Collector Current 

! c 

50 


Total Device Dissipation @ = 25°C 

P D 

100 

mW 

Derate above 25°C 


1 . 

33 

mW/°C 

Operating and Storage Junction Temperature Range 

T J’ T stg 

-65 to +100 

°c 



10 20 40 60 100 200 400 600 1000 2000 



l c . COLLECTOR CURRENT (mA) 


f, FREQUENCY ( MHz) 
















2N3283 thru 2N3286 (Continued) 


ELECTRICAL CHARACTERISTICS |(T^ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


bv ces 




Vdc 

(I c = 100 nA.dc, V BE = 0) 

2N3283, 2N3284 

25 

30 

- 


2N3285, 2N3286 


20 

25 

- 


Collector Cutoff Current 


! cbo 




pAdc 

(V CB = 10 Vdc, I E = 0) 


- 

2.0 

10 


Emitter Cutoff Current 


! ebo 




pAdc 

(V BE = 0. 5 Vdc, I c = 0) 


- 

- 

100 



ON CHARACTERISTICS 


DC Current Gain 






_ 

(I c =3.0 mAdc, V CE = 10 Vdc) 

2N3283, 2N3284 

FE 

10 

30 

- 


2N3285, 2N3286 


5. 0 

15 

- 



DYNAMIC CHARACTERISTICS 


Current- Gain— Bandwidth Product 


f T 




MHz 

(I c =3.0 mAdc, V CE = 10 Vdc, f = 

100 MHz) 


250 

400 

800 


Maximum Frequency of Oscillation 


f 




MHz 

(I c =3.0 mAdc, V CE = 10 Vdc) 


max 

- 

2000 

- 


Output Capacitance* 


C ob* 




pF 

( V CB = 10 Vdc ’ ! e = °» f = 100 kHz ) 

- 

1.0 

1.5 


Small-Signal Current Gain 


h fe 




- 

(I c =3.0 mAdc, V CE = 10 Vdc, f = 

1.0 kHz) 





2N3283, 2N3284 


10 

- 

200 



2N3285, 2N3286 


5.0 

- 

200 


Collector -Base Time Constant 
(I £ =3.0 mAdc, V CB = 10 Vdc, f = 

31.8 MHz) 

r 'C 
b c 

- 

10 

25 

ps 

Noise Figure 


NF 




dB 

(I c = 3. 0 mAdc, V CE = 10 Vdc, f = 

200 MHz) 






2N3283 


- 

4.0 

5.0 



2N3284 


- 

5. 0 

6.0 



2N3286 


- 

5.0 

- 



FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(V = 10 Vdc, 1=3.0 mAdc, f = 200 MHz) 

U 2N3283, 2N3284 

2N3286 

G 

pe 

16 

14 

20 

23 

dB 

Power Gain (AGC)** 

(V = 5.0 Vdc, I = 20 mAdc, f = 200 MHz, Figure 1) 

^ 2N3283 

2N3284 

G pe (AGC) ** 

- 

0 

0 

dB 

Power Output 

(V„„ = 12 Vdc, f = 247 MHz) 2N3285 

Hjili 

P , 
out 

2.0 

- 

- 

mW 


* is measured in a guarded circuit such that the can capacitance is not included. 

** AGO is obtained by increasing I^,. The circuit remains adjusted for V^ = 10 Vdc and I^, =3.0 mAdc operation. 
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2N3283 thru 2N3286 (Continued) 


FIGURE 1 — 200 MHx POWER GAIN AND NOISE FIGURE TEST CIRCUIT 


SHIELD 

t 

I 

I 

I 



FIGURE 2 — 257 MHz OSCILLATOR POWER OUTPUT TEST CIRCUIT 
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2N3287 thru 2 n3290 (SILICON) 



NPN silicon annular transistors for high-gain, low- 
noise amplifier, oscillator, mixer and frequency mul- 
tiplier applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N3287 

2N3288 

2N3289 

2N3290 

Unit 

Collector - Base Voltage 

V 

V CB 

40 

30 

Volts 

Collector - Emitter Voltage 

v 

V CES 

40 

30 

Volts 

Collector - Emitter Voltage 

V 

CEO 

20 

15 

Volts 

Emitter - Base Voltage 

V EB 

3.0 

3.0 

Volts 

Collector Current 

! c 

50 

50 

mA 

Power Dissipation at 25° C Case 
Above 25° C derate 1. 71 mW/°C 

P D 

300 

300 

mW 

Power Dissipation at 25° C amb. 
Above 25° C derate 1.14 mW/°C 

p D 

200 

200 

mW 

Junction Temperature 

m 

+200 

+200 

°C 

Storage Temperature Range 

T 4. 

stg 

-65 to +200 

-65 to +200 

°C 


200 MHz TEST CIRCUIT: POWER GAIN, NOISE FIGURE, & AGC 



1-1*6 turns of #16 tinned wire; %" ID; Air wound; winding length 3 /4"; T^-3 turns primary and secondary Bifilar wound (close wound) on Vi" 

V cc feeds tap 4% turns from collector end; output tap 3 l /2 turns ceramic form (cambion type) with brass slug. #22 enameled wire, 

from collector end. 

Pi-General Radio 874 G6 Pad (6dB) 

P 2 *General Radio 874 G6 Pad (6dB) 
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„ POWER GAIN CdB) 


2N3287 thru 2N3290 (Continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

[ 

Test Conditions 

Min 

Typ 

Max 

Unit 

Collector-Base 

bv cbo 

Ic = 10 juAdc, I E = 0 



■ 

Vdc 

Breakdown Voltage 


2N3287, 2N3288 

40 






2N3289, 2N3290 

30 




Collector- Emitter 

bv CE s 

Ic = 10 n Adc , Vg B =0 


■ 

■ 

Vdc 

Breakdown Voltage 


2N3287, 2N3288 

40 

S 





2N3289, 2N3290 

30 


■91 


Collector-Emitter 

BVCEO 

l£ = 2.0 mAdc, Ig = 0 


■ 

BBP 

Vdc 

Breakdown Voltage 


2N3287, 2N3288 

20 

■ 





2N3289, 2N3290 

15 

■ 



Emitter-Base 

BV ebo 

I E = 10 /i Adc, I c = 0 

3.0 




Vdc 

Breakdown Voltage 







Collector Cutoff 

*CBO 

V CB = 15 Vdc All Types 

o 


.010 

H Adc 

Current 


V CB = 15 vdc ’ T A = 150 ° C 2N3287 > 2N3288 

1 

Bi 

3.0 


DC Forward Current 

h FE 

V CE = 10 Vdc, I c = 2 mAdc 


PI 


UggB 

Transfer Ratio 


2N3287, 2N3288 

15 


100 




2N3289, 2N3290 

10 


150 

■ ■ 

Collector-Emitter 

V CE fsat) 

Iq = 5 mAdc, Ig = 0.5 mAdc 

mm 

mmmmm 


Vdc 

Saturation Voltage 


2N3287, 2N3288 


-Aife'-:. ", 

- m 




2N3289, 2N3290 

WBm 


mm 


Base- Emitter 

V BE (sat) 

Ic = 5 mAdc, Ig = 0.5 mAdc 

u 

Bi 


Vdc 

Saturation Voltage 


2N3287, 2N3288 



0.9 




2N3288, 2N3290 

H 


1.0 


AC Current Gain 

h fe 

V CE = 10 Vdc, I c = 2 mAdc, f = 1 kHz 


BIB 


^9 



2N3287, 2N3288 

15 

E23 

150 




2N3289, 2N3290 

10 


200 

fit} 

Output Capacitance 

G ob 

V CB = 10 Vdc ’ 1e = f = 0.1 MHz(Note 1) 

mm 

BB 


pF 



2N3287 

s 

0.9 

i.i 




2N3288 thru 2N3290 


1.2 

1.5 


Collector-Base 

■BBS 

V CB = 10 Vdc, I C = 2 mAdc, f = 31.8 MHz 




ps 

Time Constant 

■B 

2N3287, 2N3288 

3.0 

8.0 

15 



BS 

2N3289, 2N3290 

3.0 

8.0 

20 


Current Gain - 

■ 

V CF = 10 Vdc, I r = 2 mAdc 




MHz 

Bandwidth Product 


^ 2N3287, 2N3288 

350 

600 

1200 



■■1 

2N3289, 2N3290 

300 

500 

1200 


Maximum Frequency 


V CE = 10 vdc > J C = 2 mAdc 



2000 

— — 

MHz 

of Oscillation 







Power Gain 

G e 

V CE = 10 Vdc, I c = 2 mAdc, f = 200 MHz 




dB 



All Types 

17 


24 


Noise Figure 

NF 

V CE = 10 Vdc, I c = 2 mAdc, f = 200 MHz 

Ml 


■91 

dB 



2N3287, 2N3288 


PH 

SI 




2N3289, 2N3290 

B 

Bi 

mm 


Power Gain (AGC) 

G e 

Vpp = 5.0 Vdc, Ip =20 mAdc, f - 200 MHz( Note 2) 

pn 



dB 



2N3287 


SI 

0 




2N3289 



! +5 




2N3288, 2N3290 

■ 

L£_ 

— 



Note 1. C k is measured in guarded circuit such that the can capacitance is not included. 

Note 2. AGC is obtained by increasing 1^. The circuit remains adjusted for V CE = 10 Vdc, I c = 2 mAdc operation. 


NEUTRALIZED POWER GAIN 
AND NOISE FIGURE versus FREQUENCY 



10 20 40 60 100 200 400 600 1000 2000 4000 

FREQUENCY ('MHzl. 


POWER GAIN AND NOISE FIGURE versus COLLECTOR CURRENT 



0 2 4 6 8 10 12 14 16 18 20 

l c , COLLECTOR CURRENT (mA) 
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NF, NOISE FIGURE *dB) 




























































































2n3291 thru 2N3294 (SILICON) 


CASE 20 

(TO-72) 



NPN silicon annular transistor for TV and FM mixer, 
RF and IF amplifier and general-purpose, low-noise, 
high- gain amplifier applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N3291 

2N3292 

2N3293 

2N3294 

Unit 

Collector - Base Voltage 

V CB 

25 

20 

Volts 

Collector - Emitter Voltage 

V CES 

25 

20 

Volts 

Emitter - Base Voltage 

V EB 

3.0 

3.0 

Volts 

Collector Current 

*C 

50 

50 

mA 

Power Dissipation at 25°C Case 
Above 25°C derate 1.71 mW/°C 

P D 

300 

300 

mW 

Power Dissipation at 25°C Amb. 
Above 25°C derate 1.14 mW/°C 

P D 

200 

200 

mW 

Junction Temperature 

t j 

+ 200 

+ 200 

°C 

Storage Temperature Range 

T stg 


°C 


NEUTRALIZED POWER GAIN 



10 20 40 60 100 200 400 600 1000 2000 4000 

FREQUENCY ( MHz) 



l c , COLLECTOR CURRENT (mA) 
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2N3291 thru 2N3294 (Continued) 


ELECTRICAL CHARACTERISTICS <t a - 25°C unless otherwise noted) 



2N3291 



2N3292 



2N3293 _ 

Power Output P Qut 2 . 0 — — mW 

v Ee =“ 11 Vdc, f = 257 MHz 

2N3294 



Note 1. C 0 jj is measured in guarded circuit such that the can capacitance is not included. 
Note 2. AGC is obtained by increasing 1^. The circuit remains adjusted for V C g = 10 Vdc, 
Iq = 2 mAdc operation. 
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2n3295 (SILICON) 



NPN silicon annular Star transistor for linear am- 
plifier applications from 2.0 to 100 MHz. 


Collector connected to case 


MAXIMUM RATINGS* 


Rating 

Symbol 

Rating 

Unit 

Collector-Base Voltage 

V 

V CB 

60 

Vdc 

Collector- Emitter Voltage 

V 

V CES 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current (Continuous) 

X C 

250 

mAdc 

Base Current (Continuous) 

*B 

50 

mAdc 

Total Device Dissipation 
(25° C Case Temperature) 

Derate above 25° C 

P D 

■■ 

Watts 

mW/°C 

Total Device Dissipation 
(25°C Ambient Temperature) 
Derate above 25°C 

P D 

0.8 

5. 33 

Watts 

mW/°C 

Junction Temperature Range 

T J 

-65 to 175 

o 

o 

Storage Temperature Range 

T stg 

-65 to 175 

°C 


♦The maximum ratings as given for DC conditions can be exceeded on a 
pulse basis. See Electrical Characteristics. 


2-473 








































2N3295 (Continued) 


ELECTRICAL CHARACTERISTICS (T a - 25°C unless otherwise noted) 



(1) Pulse Test: Pulse Width = 100 j*s, Duty Cycle = 2 % 

Note 1. PEP. Peak Envelope Power 
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P out , POWER OUTPUT (WATTS - PEP) P ° ut - P0WER 0UTPUT (WATTS ' PEP) | Ci PEAK COLLECTOR CURRENT (mA) 


2N3295 (Continued) 



0 10 20 30 40 50 60 

V CE , COLLECTOR - EMITTER VOLTAGE (VOLTS) 



10 20 40 60 80 100 200 400 

f. FREQUENCY MHz) 


MAXIMUM POWER OUTPUT FOR GIVEN l m DISTORTION LEVEL 





s. 













S 














s 

y 












\ 

V 












> 





— v c 

E = 1( 

= 30 : 

i Vdc_ 






\ 




f 

MHz 






















25 30 35 40 

L INTERMODULATION DISTORTION OdB BELOW SIGNAL) 



3.0 3.2 3.4 3.6 3.8 4.0 

' Iciopt), OPTIMUM NO -SIGNAL COLLECTOR CURRENT (mA) 


OUTPUT CHARACTERISTICS versus POWER INPUT 
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2n3296 (SILICON) 



Collector connected to case; 
stud isolated from case 


NPN silicon annular transistor for linear amplifier 
applications from 2 to 100 MHz. 


MAXIMUM RATINGS (Note 1) 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

60 

Vdc 

Collector- Emitter Voltage 

v 

CES 

60 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current (Continuous) 


700 

mAdc 

Base Current (Continuous) 

*B 

100 

mAdc 

RF Input Power (Note 2) 

P. 

m 

i.o 

Watt (PEP) 

RF Output Power (Note 2) 

P out 

5.0 

Watts (PEP) 

Total Device Dissipation 
(25° C Case Temperature) 

P D 

6.0 

Watts 

Derating Factor above 25°C 


40 

mW/°C 

Total Device Dissipation at 

P n 



(25°C Ambient Temperature) 

u 

0.7 

Watts 

Derating Factor above 25° C 


4.67 

mW/°C 

Junction Temperature 

T J 

175 

°c 

Storage Temperature Range 

■■ 

-65 to +175 

°C 


Note 1: The maximum ratings as given for dc conditions can be exceeded on a 
pulse basis. See Electrical Characteristics. 

Note 2: PEP = Peak Envelope Power. 


2-476 
















































2N3296 (Continued) 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Conditions 

Min 

Typ 

Max 

Unit 

Collector -Emitter Sustain Voltage 


I C = 0.200A, R be = 0 

85 

120 

- 

Volts 

Collector Emitter-Open 

Base Sustain Voltage 


I c = 0.200A, I B = 0 

40 

i 

i 

- 

Volts 


Collector -Emitter Current 

X CES 

V CE - eovdc, v BE - 0 

V CE = 5°Vdc, V be = 0,T c = + 175“C 

H 

B 

100 

500 

//Adc 

Collector -Cutoff Current 

! cbo 

V C B = 5°Vd c , I E = 0 

- 

- 

0.1 

// Adc 

Emitter-Cutoff Current 

X EBO 

E S3SHH1 

- 

- 

100 

//Adc 

DC Current Gain 

h FE 

V CE = 2. OVdc, I c = 40mAdc 

V CE = 2. OVdc, I c = 400mAdc 

5.0 

5.0 

B 

50 

B 

Collector -Emitter Saturation Voltage 

V CE(sat) 

1^ = 400m Adc, I 0 = 80m Adc 

- 

- 

0.5 

Vdc 

Emitter-Base Saturation Voltage 

V BE(sat) 

I c = 400m Adc, I 0 = 80m Adc 

- 

- 

2.0 

Vdc 


AC Current Gain 

I h fel 

V CE = 2. 0Vdc,I c = 40m Adc, f =50MHz 

2.0 

~ 

-- 

- 

Collector Output Capacitance 

C ob 

V CB = 25Vdc, I E = 0, f = 100 kHz 

i 

i 

- 

20 

PF 


Power Input (PEP) (Note 2) 

P. 

m 

P out = 3l 0 Watts 5 W rms) 

V CE = 30 Volts, f = 30 MHz 

^(max) = 125 mA 

i 

i 

• 

i 

75 

mW 

Power Gain 

G 

e 

16 

19 

- 

dB 

Intermodulation Distortion Ratio 

I 

m 

30 

35 

- 

dB 

Efficiency 

V 

40 

48 

- 

m 


(1) Pulse Test. Pulse Width = 100 //sec. Duty Cycle = 2%. 
Note 2 PEP. Peak Envelope Power. 
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, POWER OUTPUT (WATTS - PEP) P ouf POWER OUTPUT (WATTS - PEP) | c , PEAK COLLECTOR CURRENT 1mA) 


2N3296 (Continued) 






2n3297(SIUCON) 



CASE 1 

(TO-3) 

Collector connected to case 


NPN silicon annular transistor for linear amplifier 
applications for 2 to 100 MHz. 


MAXIMUM RATINGS * 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

v 

V CB 

60 

Vdc 

Collector- Emitter Voltage 

v 

CES 

60 

Vdc 

Emitter -Base Voltage 

V EB 

3.0 

Vdc 

Collector Current (Continuous) 


1. 5 

Adc 

Base -Current (Continuous) 

l B 

500 

mAdc 

Power Input (PEP) 

P. 

m 

5.0 

Watts (PEP) 

Power Output (PEP) 

P out 

20.0 

Watts (PEP) 

Total Device Dissipation 
@ 25° C Case Temperature 

P D 

25.0 

Watts 

Derating Factor above 25 °C 


167 

mW/°C 

Junction Temperature 

T J 

175 

°c 

Storage Temperature Range 

T stg 

-65 to +175 

°c 


* The maximum ratings as given for dc conditions can be exceeded on a pulse basis. See electrical characteristics 


2-479 









































2N3297 (Continued) 



Characteristic 

Symbol 

Conditions 

Min 

Collector- Emitter 
Sustain Voltage 

v ^ 

v CES(sus) 

I^ = 0.250A, R be =0 

80 

Collector Emitter -Open 
Base Sustain Voltage 

y (1) 

CEO(sus) 

I c = 0.250A, I B = 0 

40 


Min Typ Max Unit 


Collector-Emitter 

Current 

! ces 

V CE = 60Vdc, V BE = 0 

V CE = 50VdC ’ V BE = °> T c = +175 ° c 

Collector - Cutoff 

Current 

! cbo 

V CB = 50VdC > *E - 0 

Emitter -Cutoff 

Current 

r EBO 

V EB “ 3Vdc - ! C = 0 

DC Current Gain 

h FE 

I c = 400mAdc, V CE = 2Vdc 

I c = lAdc, V CE = 2Vdc 

Collector - Emitter 
Saturation Voltage 

V CE(sat) 

1^ = lAdc, Ig = 500m Adc 

Emitter -Base 

Saturation Voltage 

V BE(sat) 

1^ = lAdc, Ig = 500mAdc 




0.5 

1.0 

mAdc 

1.0 

H Adc 

100 

//Adc 




0.5 

Vdc 

2.0 

Vdc 


AC Current Gain 

1 h fe 1 

V CE = 2 Vdc, I c = 400m Adc, f = 50 mhz 

Collector Output 
Capacitance 

C ob 

V CB = 25Vdc ’ *E = °» f 100kHz 


60 pF 


Power Input (PEP) 

Note 2 

P. 

m 

Power Gain 

G 

e 

Intermodulation 

Distortion Ratio 

I 

m 

Efficiency 

r) 


P Qut = 12 Watts PEP (6. 0W rms) 

V CE = 30 Volts > f = 30MHz 
^(max) = °' 50 Am P 



10 

13 

30 

33 

40 

45 
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POWER OUTPUT (WATTS - PEP) p outf POWER OUTPUT (WATTS ■ PEP) l C - PEAK COLLECTOR CURRENT (A) 


2N3297 (Continued) 


SAFE OPERATING AREA 



0 10 20 30 40 50 60 70 80 



10 20 30 40 60 80 100 200 300 


Vet, COLLECTOR - EMITTER VOLTAGE (VOLTS) 


f, FREQUENCY (MHz) 



20 25 30 35 40 45 

l m , INTERMODULATION DISTORTION (dB BELOW SIGNAL) 



0 5 10 15 20 25 30 35 40 45 

Iciopt), OPTIMUM NO - SIGNAL COLLECTOR CURRENT (mAdc) 


OUTPUT CHARACTERISTICS versus POWER INPUT 
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7, COLLECTOR EFFICIENCY (%) 






2n3298 (SILICON) 



NPN silicon annular transistor for power oscillator 
applications to 150 MHz. 


Collector connected to case 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

25 

Vdc 

Collector- Emitter Voltage 

v 

CES 

25 

Vdc 

Emitter -Base Voltage 

V EB 

3.0 

Vdc 

Collector Current 

J c 

100 

mA 

Total Device Dissipation 
(25° C Case Temperature) 

P D 

1.0 

Watt 

Derate Above 25° C 


6.67 

mW/°C 

Total Device Dissipation 
(25° C Ambient Temperature) 

P D 

0.3 

Watt 

Derate Above 25° C 2mW/°C 


2.0 

mW/°C 

Junction Temperature 

T J 

+175 

°C 

Storage Temperature Range 

T stg 

-65 to +175 

°c 


80 MHz OSCILLATOR POWER OUTPUT TEST CIRCUIT 

12 of 



2 —< 




































2N3298 (Continued) 



Characteristic 


Collector- Emitter 
Breakdown Voltage 


Collector-Emitter Open 
Base Sustaining Voltage 


Collector Cutoff Current 


Emitter Cutoff Current 


DC Current Gain 


Symbol 


Conditions 


l c =25Mdc, V BE =0 


bv ceo(sus) x cr 10mA ’ V° 


v CB = 10Vdc , i E =o 

V CB =10Vdc ’ l E^ V 15 °° C 


V EB =3 Vdc ’ X C • ° 


V CE = 1 VdC ’ l C = 10 mAdc 


Min Typ Max Unit 



0.01 0.5 
10 50 


10 fiAdc 


60 90 120 


AC Current Gain 


Collector Output Capacitance 



v C E = 10Vdc > I c =10mAdc,f=100MHz 2 .0 


V CB =10Vdc, I E =0, f= 100 kHz 


5.0 6.0 PF 



100 

mW 


Power Output 


Efficiency 


l " Pulse Width = 300 fis, Duty Cycle = 



V cc = 12Vdc 

W )^ 0 mA 



NORMALIZED DC CURRENT GAIN 
versus AMBIENT TEMPERATURE 


f T versus COLLECTOR CURRENT 


0 +25 +50 +75 +100 +125+150+175 

T a , AMBIENT TEMPERATURE (°C) 




HHS 



10 20 30 

l r , COLLECTOR CURRENT (mAdc) 
























































2n3299 thru 2n3302 (SILICON) 



CASE 31 

(TO-5) 

2N3299 

2N3300 


NPN silicon annular transistors for high-speed 
switching circuits and DC to UHF amplifier applications. 


CASE 22 

(TO- 18) 

2N3301 

2N3302 


Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector -Emitter Voltage 
(Applicable 0 to 10 mAdc) 

V 

CEO 

30 

Vdc 

Collector-Base Voltage 

v 

CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5. 

0 

Vdc 

Collector Current 

: c 

500 

mAdc 

Operating Junction Temperature Range 

ESI 

-65 to +200 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 



EH 

m 


Total Device Dissipation @T^ = 25° C 

P D 

0.8 

0.36 

Watt 

Derate above 25° C 


4. 56 

2.06 

mW/°C 

Total Device Dissipation @T^ = 25° C 

P D 

3.0 

1.8 

Watts 

Derate above 25° C 


17.2 

10.3 

mW/°C 


FIGURE 1 - SATURATED TURN-ON SWITCHING 
TIME TEST CIRCUIT 


FIGURE 2 - SATURATED TURN-OFF SWITCHING 
TIME TEST CIRCUIT 
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2N3299 thru 2N3302 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25 *C unless otherwise noted) 


Characteristic 

Symbol Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector -Emitter Breakdown Voltage! 1 ) 

(I c = 10 mAdc, I B = 0) 

BV CEO 

30 



Vdc 

Collector-Base Breakdown Voltage 
(I c = 10 M Adc, I E = 0) 

bv cbo 

60 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 10 MAdc, I c = 0) 

bv ebo 

5.0 

- 

Vdc 

Collector Cutoff Current 
< V CE = 50VdC ’ V BE=°> 

< V CE = 50 VdC ' V BE“°- T A = 15 °”C> 

! ces 

_ 

0.01 

10 

MAdc 

Emitter Cutoff Current 
(V RE =3.0 Vdc, I c = 0) 

J EBO 

- 

10 

nAdc 

Base Current 
(V C E=5° vdc , V BE =0) 

‘b 

- 

10 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 


Kj? 




(I c = 0. 1 mAdc, V CE = 10 Vdc) 

2N3299, 2N3301 

FE 

20 

_ 


2N3300, 2N3302 


35 

- 


(I_ = 1.0 mAdc, V--, = 10 Vdc) 

t LUj 

2N3299, 2N3301 


25 

_ 


2N3300, 2N3302 


50 

- 


(I„ = 10 mAdc, V,^ = 10 Vdc) HI 
t US 

2N3299, 2N3301 


35 

_ 


2N3300, 2N3302 


75 

- 


(I c = 150 mAdc, V CE =1.0 Vdc) W 

2N3299, 2N3301 


20 

_ 


2N3300, 2N3302 


50 

- 


(I c = 150 mAdc, V CE = 10 Vdc) ; (1) 

2N3299, 2N3301 


40 

120 


2N3300, 2N3302 


100 

300 


(I c = 500 mAdc, V CE = 10 Vdc) ID 

2N3299, 2N3301 


20 

_ 


2N3300, 2N3302 


50 

- 


Collector-Emitter Saturation Voltage 


v 



Vdc 

(1^ = 150 mAdc, Ig = 15 mAdc) 


CE(sat) 

- 

0.22 


(I^, = 300 mAdc, Ig = 30 mAdc) 



- 

0.45 


(I c = 500 mAdc, Ig = 50 mAdc) 



- 

0.6 


Base -Emitter Saturation Voltage 


V BE (sat) 



Vdc 

(I c = 150 mAdc, Ig = 15 mAdc) 


- 

1.1 


(I c = 300 mAdc, Ig = 30 mAdc) 



- 

1.3 


(1^ = 500 mAdc, Ig = 50 mAdc) 



- 

1. 5 


Base -Emitter On Voltage 


V BE(on) 



Vdc 

(I c = 150 mAdc, V CE = 10 Vdc) 



1.1 



DYNAMIC CHARACTERISTICS 


Current -Gain— Bandwidth Product 
(I c = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

250 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I £ = 0, f = 140 kHz) 

O 

o 

cr 

- 

8.0 

PF 

Input Capacitance 

(V be = 2. 0 Vdc, I Q = 0, f = 140 kHz) 

c tb 

- 

20 

pF 

Turn-On Time (Figure 1) 

(V cc = 25 Vdc, I c * 300 mAdc, 1^ * 30 mAdc) 

‘on 

- 

60 

ns 

Turn-Off Time (Figure 2) 

(V cc = 25 Vdc, I Q * 300 mAdc, I fil = Ig 2 * 30 mAdc) 

t off 

- 

150 

ns 


(D Pulse Test: Pulse Width s 300 fis ; Duty Cycle g 2%. 
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2n3303 (SILICON) 



NPN silicon annular transistor designed for high- 
speed, high-current switching and driving applica- 
tions. 


CASE 94 

Collector connected to case 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector -Emitter Voltage 

v 

v CEO 

12 

Vdc 

Collector -Base Voltage 

V 

CB 

25 

Vdc 

Emitter -Base Voltage 

V EB 

4.0 

Vdc 

Collector Current -Continuous 

l c 

1.0 

Adc 

Total Device Dissipation @ T.= 25 P C 

Derate above 25° C 

P D 

0.6 

3.43 

Watt 

mW/°C 

Total Device Dissipation @ T c = 25 °C 

Derate above 25 °C 

P D 

D 

Watts 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-65 to 
+200 

°c 


ELECTRICAL CHARACTERISTICS (T^ = 25 °c unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Voltage* 

(I c = 30 mAdc, I B = 0) 

bv ceo* 

12 

- 

Vdc 

Collector -Base Breakdown Voltage 
(I c = 0. 5 mAdc, I £ = 0) 

bv cbo 

25 

- 

Vdc 

Emitter -Base Breakdown Voltage 
(I E = 0. 1 mAdc, I c = 0) 

bv ebo 

4.0 

- 

Vdc 

Collector Cutdff Current 
(V CE - 15 Vdc, V BE . 0) 

! ces 

- 

100 

/iAdc 

Base Current 

(V CE = 15 Vdc, V BE = 0) 

"b 

- 

100 

/iAdc 


♦Pulse Test: Pulse Width = 300 /is, Duty Cycle <2% 
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2N3303 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

Min 

Max 

Unit ] 

ON CHARACTERISTICS 

DC Current Gain 

(I c = 10 mAdc, V C£ = 0. 5 Vdc) 

h FE 

20 

- 


(I c = 100 mAdc, V CE = 0. 5 Vdc) <1> 


30 

- 


(I c = 300 mAdc, V C£ = 0. 5 Vdc) <11 


30 

120 


(I c = 300 mAdc, V C£ = 0.5 Vdc, = -55°C) <!> 


10 

- 


Collector -Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1 mAdc) 

V CE(sat) 

- 

0.25 

Vdc 

(I c = 100 mAdc, I B = 10 mAdc) <1) 


- 

0.23 


(I c = 300 mAdc, I g = 30 mAdc) (1) 


- 

0.33 


(I c = 300 mAdc, Ig = 30 mAdc, = 125°C)'< 1) 


- 

0. 50 


(L, = 1 Adc, I„ = 100 mAdc) ID 

C B 


- 

0.70 


Base -Emitter Saturation Voltage 
d c = 10 mAdc, Ig = 1 mAdc) 

V BE(sat) 

- 

N 

Vdc 

(I c = 100 mAdc, = 10 mAdc) 


- 

■SB 


d c = 300 mAdc, Ig = 30 mAdc) 


- 

1.30 


d„ = 1 Adc, I 0 = 100 mAdc) (1) 

C B 


- 

2. 1 



DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product 

d c = 100 mAdc, V C£ = 5 Vdc, f = 100 MHz) 

f T 

450 

- 

MHz 

Output Capacitance 

(V CB = 5 Vdc, I £ = 0, f = 140 kHz) 

C ob 

- 

15 

PF 

Input Capacitance 

( V Be = 0. 5 Vdc, I c = 0, f = 140 kHz) 

c ib 

- 

25 

pF 

Turn-On Time (Figure 1) 

( V EB(off) " 4 Vdc - ' C * 1 Adc ' ! B1 “ 100 mAdc) 

‘on 

- 

15 

ns 

Turn-Off Time (Figure 1) 

(I c * 1 Adc, I B1 - I 02 - 100 mAdc) 

*off 

- 

25 

ns 

Storage Time (Figure 2) 

(1^ ~ 100 mAdc, ~ Ig 2 ~ 100 mAdc) 

‘s 

- 

15 

ns 


(1) Pulse Test: Pulse Width = 300 /is, Duty Cycle < 2 % 


FIGURE 1 - TURN-ON AND TURN OFF TIME TEST CIRCUIT 

v n Vcc 

-4.0 V +12V 



FIGURE 2 - STORAGE TIME TEST CIRCUIT 

Vcc V cc 

+16V +5.0V 
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2n3304 (SILICON) 



PNP silicon annular transistor designed for low- 
level, high-speed switching applications. 


CASE 22 

(TO- 18) 

Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

| 

Collector-Emitter Voltage 


6.0 

Vdc 

Collector-Base Voltage 

i 

6.0 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Total Device Dissipation @ T^ 

= 25°C 

P D 

300 

mW 

Derate above 25°C 



1.72 

mW/°C 

Total Device Dissipation @ Tq 

= 100°C 

P D 

500 

mW 

Derate above 100°C 



5.0 

mW/°C 

Operating & Storage Junction 

Temperature Range 

T J> ^stg 

-65 to+200 

m 
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2N3304 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

(I c = 10 mAdc, I B = 0) 

BV CEO(sus) 

6.0 


Vdc 

Collector- Emitter Breakdown Voltage 
(1C = 100 M Adc, V BE = 0) 

bv ces 

6.0 

- 

Vdc 

Collector-Base Breakdown Voltage 
(IC = 100 m Adc, I E = 0) 

bv cbo 

6.0 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(I E « 100 MAdc, Ic = 0) 

bv ebo 

A .0 

— 

Vdc 

Collector- Cutoff Current 
(V CE = 3 Vdc, V BE = 0) 

*ces 

_ 

0.01 

jiAdc 

(V CE = 3 Vdc, V BE = 0, T A = + 125°C) 


- 

10 


Base Current 
(V CE = 3 Vdc, V BE = 0) 


- 

10 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 1 1 1 
(I c = 1 mAdc, V CE = 0.5 Vdc) 

(I c = 10 mAdc, V CE = 0.3 Vdc, T A = -55°C) 

(I c = 10 mAdc, V CE = 0.3 Vdc) 

(I c = 50 mAdc, V C £ = 10 Vdc) 

h FE 

15 

12 

30 

20 

120 


Collector- Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(Ic = 1 mAdc, Ijj = 0.1 mAdc) 


— 

0.15 


(l c = 10 mAdc, I B = 1 mAdc, T A = +125°C) 


— 

0.23 


(Ic = 10 mAdc, I B = 1 mAdc) 


— 

0.16 


(I c = 50 mAdc, I B = 5 mAdc) 


— 

0.5 


Base- Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(Ic = 1 mAdc, I B = 0.1 mAdc) 


0.7 

0.8 


(I c = 10 mAdc, I B = 1 mAdc) 


o.e 

1.0 


(Ic = 50 mAdc, I B = 5 mAdc) 


— 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l c = 10 mAdc, V CE = 5 Vdc, f = 100 MHz) 

f T 

500 

— 

MHz 

Output Capacitance 
( y CB = 5 Vdc, I E = 0, f = 140 kHz) 

C Q b 

— 

3.5 

pF 

Input Capacitance 

(VfiE = 0.5 Vdc, I c = 0, f = 140 kHz) 

C ib 

— 

3.5 

pF 

Turn-On Time (Figure 1) 

(V C c = 1.5 Vdc, V BB = 6 Vdc, Ic = 10 mAdc, 

I B i = I B 2 = 0.5 mAdc) 

ton 


60 

ns 

Turn-Off Time (Figure 1) 

(V C c = 1-5 Vdc, I c = 10 mAdc, I B1 = I B2 = 0.5 mAdc) 

toff 

- 

60 

ns 

Charge-Storage Time (Figure 2) 

(Ic = 10 mAdc, V C £ = 3 Vdc, I B1 = I B2 = 10 mAdc) 

t S 

- 

30 

ns 


I U Pulse Test: Pulse Width = 300 m a ; Duty Cycle = 2% 


FIGURE 1 - TURN-ON & TURN-OFF TIME TEST CIRCUIT FIGURE 2 - CHARGE STORAGE TIME TEST HRCUIT 
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2n3307 (SILICON) 

2n3308 

PNP silicon annular transistors for high- gain, low- 
noise amplifier, oscillator, mixer and frequency mul- 
tiplier applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

2N3307 

2N3308 

Collector -Base Voltage 

v 

V CB 

40 

30 

Vdc 

Collector- Emitter Voltage 

v 

V CES 

40 

30 

Vdc 

Collector -Emitter Voltage 

v 

v CEO 

35 

25 

Vdc 

Emitter-Base Voltage 

V EB 

3. 

0 

Vdc 

Collector Current 

l c 

50 

mAdc 

Power Dissipation at T c = 25° C 

P D 

300 

mW 

Derate above 25° C 


1.71 

mW/'C 

Power Dissipation at = 25° C 

P D 

200 

mW 

Derate above 25°C 


1.14 

mW/'C 

Junction Temperature 

T J 

200 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 



COMMON EMITTER AVERAGE SMALL POWER GAIN 
& NOISE FIGURE versus COLLECTOR CURRENT 



NOISE FIGURE versus FREQUENCY 



— . 









n 

-15 Vdc 

-5 Vdc 

— 











v CE = 
























lc = 
Rg = 

p —2 m 
*50 ohi 

Adc 

ms 








■ 




i 



20 30 50 70 100 200 300 500 

f, FREQUENCY (MHz) 
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2N3307, 2N3308 (Continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Test Conditions 

Min 

Typ 

Max 

Unit 

Collector-Base 

bv cbo 

l c = 

10 )j.Adc, Ig = 0 

2N3307 

40 

_ 

- 

Vdc 

Breakdown Voltage 


2N3308 

30 




Collector- Emitter 

BV rir Q 

l r = 

10 iiAdc, V 0E = 0 

2N3307 

40 

■ 

■ 

Vdc 

Breakdown Voltage 



2N3308 

30 


teal 


Collector- Emitter 

bv ceo 

l c = 

2. 0 mAdc, I_ = 0 
£> 

2N3307 

35 

_ 

■ 

Vdc 

Breakdown Voltage 


2N3308 

25 

— 



Emitter-Base 
Breakdown Voltage 

bv ebo 

■e = 

10 M Adc, I c = 0 

Both Types 

3.0 


— 

Vdc 

Collector Cutoff 
Current 

t cbo 

V CB 

= 15 Vdc 

Both Types 

- 

0.001 

0.010 

fji Adc 


V CB 

= 15 Vdc, T = 150 °C 

2N3307 

- 

0.5 

3.0 


DC Current Gain 

h 


= 10 Vdc, = 2 mAdc 

2N3307 

40 

_ 

250 

_ 


FE 

CE 


2N3308 

25 

- 

250 


Collector- Emitter 
Saturation Voltage 

V CE(sat) 

l c = 

3 mAdc, Ig = 0.6 mAdc 

Both Types 

~ 

- 

0.4 

Vdc 

Base- Emitter 
Saturation Voltage 

V BE(sat) 

l C = 

3 mAdc, Ig = 0. 6 mAdc 

Both Types 

- 

- 

1.0 

Vdc 

AC Current Gain 

h fe 

V CE 

= 10 Vdc, 1^, = 2 mAdc, f = 1 kHz 

2N3307 

2N3308 

40 

25 

- 

250 

250 

— 

Output Capacitance * 

C ob 

V CB 

= 10 Vdc, 1=0, f = 0. 1 MHz 

2N3307 

_ 

1.0 

1. 3 

pF 



2N3308 

- 

1.2 

1.6 

Collector-Base 

PEI— 

V CB 

= 10 Vdc, I„ = 2 mAdc, f = 31. 8 MHz 

2N3307 

2.0 

_ 

15 

ps 

Time Constant 

IBB! 

c 

2N3308 

2.0 

“ 

20 

Current Gain- 
Bandwidth Product 

BH 

V CE 

= 10 Vdc, 1^ = 2 mAdc, f = 100 MHz 

Both Types 

300 

- 

1200 

MHz 

Maximum Frequency 
of Oscillation 

f max 

V CE 

= 10 Vdc, I c = 2 mAdc 

Both Types 

- 

2000 

- 

MHz 

Power Gain 

G e 

V CE 

= 10 Vdc, I c = 2 mAdc, f = 200 mhz 

Both Types 

17 

- 

24 

dB 

Noise Figure 

NF 


= 10 Vdc, I c = 2 mAdc, f = 200 MHz 

2N3307 

- 

4.0 

4.5 

dB 


CE 


2N3308 


5.0 

6.0 


Power Gain (AGC) * * 

G 

e 

V CE 

= 5. 0 Vdc, I c = 20 mAdc, f = 200 MHz 

2N3307 

2N3308 

- 

0 

0 

dB 


* is measured in guarded circuit such that the can capacitance is not included. 


* * AGC is obtained by increasing I^,. The circuit remains adjusted for v^g = -10 Vdc, 1^, = -2 mAdc operation. 


SMALL SIGNAL CURRENT GAIN versus FREQUENCY 


MAXIMUM AVAILABLE GAIN versus FREQUENCY 



20 30 50 70 100 200 300 500 

f, FREQUENCY (MHz) 
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2n3311 thru 2n3316 (GERMANIUM) 



CASE 5 

(TO-36) 

Collector connected to case 


PNP germanium power transistors for high-power 
applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

iron 

esid 

mmm 

Hluildi 

■row 

Unit 

Collector-Base Voltage 

V CB 

30 

45 

60 

Volts 

Collector-Emitter Voltage 

V CES 

30 

45 

60 

Volts 

Collector- Emitter Voltage 

v CEO 

20 

30 

40 

Volts 

Emitter-Base Voltage 

V EB 

20 

25 

30 

Volts 

Collector Current (Continuous) 


5.0 

Amp 

Power Dissipation at T c = 25°C 

P D 

170 

Watts 

Junction Temperature Range 

t j 

-65 to +110 

°c 

Thermal Resistance 

0jc 

0.5 

°C/W 


POWER-TEMPERATURE DERATING CURVE 



T c , CASE TEMPERATURE (°C) 


The maximum continuous power is 
related to maximum junction tempera- 
ture by the thermal resistance factor. 
This curve has a value of 170 Watts at 
case temperatures of 25°C and is 0 Watts 
at 110°C with a linear relation between 
the two temperatures such that: 

allowable P n = 110° - Tc 
0. 5 
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2N3311 thru 2N3316 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 


BV * 

BV CEO 



Vdc 

(I- = 500 mAdc, I n = 0) 

C o 

2N3311, 2N3314 

20 

- 


2N3312, 2N3315 


30 

- 



2N3313, 2N3316 


40 

- 


Collector-Emitter Breakdown Voltage* 


BV * 

OV CES 



Vdc 

(I c = 300 mAdc, V BE = 0) 

2N3311, 2N3314 

30 

- 


2N3312, 2N3315 


45 

- 



2N3313, 2N3316 


60 

- 


Collector Cutoff Current 


X CEO 



mAdc 

(V CE = 10 Vdc, Ig = 0) 

2N3311, 2N3314 

- 

200 


(V CE = 15 Vdc, I B = 0) 

2N3312, 2N3315 


- 

200 


(V CE = 20 Vdc, I B = 0) 

2N3313, 2N3316 


- 

200 


Collector Cutoff Current 


X CEX 



mAdc 

(V CE = 25 Vdc, V BE = 1.0 Vdc, T c = 100° C) 

2N3311, 2N3314 

- 

35 


(V CE = 40 Vdc, V BE = 1. 0 Vdc, T c = 100° C) 

2N3312, 2N3315 


- 

35 


(V CE = 55 Vdc, V BE = 1. 0 Vdc, T c = 100° C) 

2N3313, 2N3316 


- 

35 


Collector -Base Cutoff Current 

(V = V ) 

v CB CB max' 


X CBO 

- 

5.0 

mAdc 

(V CB = 2. 0 Vdc, I E = 0) 



- 

0.3 


Emitter-Base Cutoff Current 


Z EBO 



mAdc 

(V BE = V BE max’ *C = 0) 



4.0 



ON CHARACTERISTICS 


DC Current Gain 

(I = 500 mAdc, V = 2. 0 Vdc) 2N3311 thru 2N3313 

L L 2N3314 thru 2N3316 

(I = 3. 0 Adc, V = 2. 0 Vdc) 2N3311 thru 2N3313 

L 2N3314 thru 2N3316 

h FE 

60 

100 

150 

250 

120 

200 


Collector-Emitter Saturation Voltage 

(I_ = 3.0 Adc, L, = 300 mAdc) 

C B 

V CE(sat) 

- 

0. 1 

Vdc 

Base-Emitter Voltage 

(I = 3. 0 Adc, V = 2. 0 Vdc) 2N3311 thru 2N3313 

L C 2N3314 thru 2N3316 

V BE(on) 

_ 

0.6 

0.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Common Emitter Cutoff Frequency 
(I c = 3.0 Adc, V CE = 2.0 Vdc) 

f 

ote 


■ 

kHz 

Small Signal Current Gain 

(I r = 3. 0 Adc, V = 2. 0 Vdc, f = 0. 5 kHz) 2N3311 thru 2N3313 

2N3314 thru 2N3316 

li- 

fe 

30 

40 

90 

120 

~ 


*To avoid excessive heating of the collector junction, perform these tests with an oscilloscope. 
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Iceo (MILUAMPERES) l c , COLLECTOR CURRENT (AMP) l c , COLLECTOR CURRENT (AMP) 


2N3311 thru 2N3316 (continued) 



0 10 20 30 40 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA 


The Safe Operating Area Curves indicate the I C -V CE limits 
below which the devices will not go into secondary break- 
down. As the safe operating areas shown are independent of 
temperature and duty cycle, these curves can be used as long 
as the average power derating curve is also taken into con- 
sideration to insure operation below the maximum junction 
temperature. 




o 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 

TEMPERATURE CHARACTERISTICS 


10 20 30 40 50 60 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



-20 0 20 40 

T Cl CASE TEMPERATURE ( °C) 


20 40 60 80 

T c , CASE TEMPERATURE (°C) 



80 



-20 0 20 40 

T c , CASE TEMPERATURE (°C) 
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2N3323 (GERMANIUM) 

2N3324 
2n3325 ©• 


PNP germanium epitaxial transistors for FM RF, 
IF, mixer and oscillator and AM RF, IF and converter 
applications. 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

v 

CB 

35 

Vdc 

Collector- Emitter Voltage 

v 

CES 

35 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current 

J c 

100 

mA 

Total Device Dissipation 

25 °C Case Temperature 

P D 

300 

mW 

Derate Above 25° C 


4.0 

mW/°C 

Total Device Dissipation 

25 °C Ambient Temperature 

P D 

■ 

mW 

Derate Above 25° C 


mm 

mW/°C 

Junction Temperature 

T J 

+100 

°C 

Storage Temperature Range 

j 

T stg 

-65 to +100 

°C 



CASE 22 

(TO-18) 

Collector connected to case 

MAXIMUM RATINGS 


35 


30 


25 


I 2° 

POWER GAIN AND AC CURRENT GAIN versus FREQUENCY g 

1 15 

10 


5 


0 

1.0 2.0 4:0 6.0 10 20 40 60 100 200 400600 1000 

f, FREQUENCY (mhz) 
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2N3323 thru 2N3325 (Continued) 


ELECTRICAL CHARACTERISTICS (J A = 25 °C unless otherwise noted) 



2N3323 

Test Circuit Figure 1 

Power Gain % V CE = 10 Vdc, I c = 3 mAdc 11 — 15 dB 

f = 1Q0 MHz 1 

2N3324 

Test Circuit Figure 2 

Power Gain G e v cE *= 10 Vdc, I c = 3 mAdc 24 -- 31 dB 

f = 10 MHz 
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2N3323 thru 2N3325 (Continued) 


FIGURE 1: 100 MHz POWER GAIN TEST CIRCUIT - 2N3323 



FIGURE 2: 10 MHz POWER GAIN TEST CIRCUIT - 2N3324 


51 P F 61 PF 
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2n3330 (SILICON) 


SILICON P-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 


Depletion Mode (Type A) Junction Field-Effect Transistor designed 
primarily for low-power audio-amplifier applications. 


• High AC Input Resistance - 

T ypically > 30 Megohms @ f = 1 .0 kHz 

• Drain and Source Interchangeable 

• Active Elements Isolated from Case 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Drain-Gate Voltage 


20 

Vdc 

Reverse Gate-Source Voltage 


20 

Vdc 

*Gate Current 

>G 

10 


*Total Device Dissipation @T/\ = 25°C 
Derate above 25° C 

PD 

300 

2.0 

mW 

mW/°C 

•Storage Temperature Range 

T stg 

-65 to +200 

°C 


‘Indicates JEOEC Registered Data. 


P-CHANNEL 

JUNCTION FIELD-EFFECT 
TRANSISTOR 

(Type A) 
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2N3330 (continued) 


"ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(1C = 10 MAdc, Vqs = 0) 

V (BR)GSS 

20 

- 

Vdc 

Gate Reverse Current 
(V GS = 10 Vdc, V DS = 0) 

'GSS 

_ 

10 

nAdc 

(V G S = 10 Vdc, V DS = 0, T A = 150°C) 


- 

10 

juAdc 

Zero-Gate Voltage Drain Current (Note 1) 

(V DS = -10Vdc, Vqs = 0) 

'dss 

2.0 

6.0 

mAdc 


ON CHARACTERISTICS 


Gate-Source Voltage 
(V DG = -15 Vdc, l D = 10 /uAdc) 

V GS 

- 

6.0 

Vdc 

Drain-Source Resistance 
(l D = 100 M Adc, V GS = 0) 

r DS 

- 

800 

Ohms 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transadmittance (Note 1) 

(Vqs = -10 Vdc, Ip = 2.0 mAdc, f = 1.0 kHz) 

(V DS = -10 Vdc, Ip = 2.0 mAdc, f = 10 MHz) 

ivfsl 

1500 

1350 

3000 

Mmhos 

Output Admittance 

(Vds = -10 Vdc, Id = 2.0 mAdc, f = 1.0 kHz) 

iVosI 

- 

40 

Mmhos 

Reverse Transfer Conductance 
(V D S = -1° Vdc, 'D = 2.0 mAdc, f = 1.0 kHz) 

lYrsI 

- 

0.1 

Mmhos 

Input Conductance 

(V D S = -1° Vdc, Id = 2.0 mAdc, f = 1.0 kHz) 

Ivisl 

- 

0.2 

Mmhos 

Input Capacitance 

(V D S = -10 Vdc, V GS = 1.0 Vdc, f = 1.0 MHz) 

Ciss 

- 

20 

pF 

Common-Source Noise Figure 
(Vds = -0-0 Vdc, 1 d = 1-0 mAdc, R G = 1.0 Megohm, 
f = 1.0 kHz) 

NF 


3.0 

dB 


* Indicates JE DEC Registered Data. 

Note 1 : Pulse Test: Pulse Width ^ 630 ms. Duty Cycle 0%. 
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2N3375 (SILICON) 

2N3553 


2N3632 

2N3961 



CASE 79 

(TO-39) 



**CASE 24 

(TO-102) 


2N3553 


2N3961 



***CASE 36 

(TO-60) 

2N3375 

2N3632 


* Collector Connected 
to Case 

** Collector electrically connected 
to case; stud electrically 
isolated from case 

***Stud electrically 
isolated from case 


NPN silicon RF Power transistors, optimized for 
large-signal power amplifier and driver applications to 
400MHz, provide wide choice of power levels and guar- 
anteed safe operating areas. 


MAXIMUM RATINGS 


Rating 

Symbol 




2N3961 

Unit 

Collector -Emitter Voltage 

v 

CEO 

*+ 40 ► 

Vdc 

Collector-Base Voltage 

V CB 

65 — ► 

Vdc 

Emitter -Base Voltage 

V EB 

4. 0 -► 

Vdc 

Collector Current 

l c 

1.5 

1.0 

3.0 

1.0 

Adc 

Total Device Dissipation @ = 25°C 

P D 

11.6 

7.0 

23 

10 

Watts 

Derate above 25°C 


66.4 

40 

131 

57.2 

mW/°C 

Operating and Storage Junction 

Tj’ 


-65 to +200 


R 

Temperature Range 

d Slg 

BBSS! 




■■ 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage* 

(I c = 200 mAdc, I B = 0) 

RV * 

ov CEO(sus) 

40 

- 

Vdc 

Emitter- Base Breakdown Voltage 


bv ebo 



Vdc 

(I E = 0.25 mAdc, I c = 0) 

2N3632 

4.0 

- 


(I E = 0. 1 mAdc, I c = 0) 

2N3375, 2N3553 


4.0 

- 


(I E = 1.0 mAdc, I c =0) 

2N3961 


4.0 

- 


Collector Cutoff Current 


^EO 



mAdc 

(V CE = 30 Vdc, I B = 0) 

2N3375, 2N3553 

- 

0.1 


2N3632 


- 

0.25 


Collector Cutoff Current 


! cex 



mAdc. 

(V CE = 30 Vdc, V BE(of{) = 1.5 Vdc, T c 

= 200°C) 

2N3375, 2N3553 

. 

5.0 



2N3632 


- 

10 


( Vce =65 Vd c, V BE(off) = 1.5 Vdc) 

2N3375, 2N3553 
2N3632 


- 

1.0 

5.0 


Collector Cutoff Current 


r CBO 



mAdc 

(V CB = 28 Vdc, I E = 0, T a = 150'C) 

2N3961 

- 

5.0 


(V CB = 65 Vdc, I E = 0) 

2N3632 


- 

0.5 


2N3961 


- 

1.0 


Emitter Cutoff Current 


! ebo 



mAdc 

(V BE = 4. 0 Vdc, I c = 0) 

2N3375, 2N3553 

- 

0.1 


2N3632 


- 

0.25 



* Pulsed thru 25 mH inductor (See Figures 5 and 6). 
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2N3375, 2N3553, 2N3632, 2N3961 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

ON CHARACTERISTICS 

DC Current Gain 
(I c = 250 mAdc, V CE =5.0 Vdc) 

2N3375, 2N3553, 2N3632 

h FE 

10 

- 

. 

- 

(I c = 1.0 Adc, V CE = 5.0 Vdc) 

2N3632 


5.0 


- 


Collector-Emitter Saturation Voltage 
(I c = 250 mAdc, I fi = 50 mAdc) 

2N3553 

V CE(sat) 

- 

- 

1.0 

Vdc 

(I c - 500 mAdc, Ig = 100 mAdc) 

2N3375, 2N3632 


- 

- 

1.0 


Base- Emitter Saturation Voltage 
(I c = 1.0 Adc, I B = 5.0 Adc) 

2N3632 

V BE(sat) 

- 


1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

f T 




MHz 

(I p = 100 mAdc, V r = 28 Vdc, f = 100 MHz) 2N3553 
(l£ = 125 mAdc, v££ = 28 Vdc, f = 100 MHz) 2N3961 


- 

500 

- 



350 


- 


(I p = 150 mAdc, V r „ = 28 Vdc, f = 100 MHz) 2N3375 

U ^ 2N3632 


- 

500 

- 



- 

400 

- 


Output Capacitance 

C ob 




pF 

( V CB = 28 Vdc, I E = 0, f = 100 kHz) 2N3961 

- 

8.0 

10 


(V^-. = 30 Vdc, I_ = 0, f = 100 kHz) 2N3375, 2N3553 

2N3632 


- 

8.0 

10 



- 

16 

20 



FUNCTIONAL TESTS 

2N3375 


Power Input 

Test Circuit Figure 7 

( V CE = 28 vdc > P out = 7.5 Watts, 

f = 100 MHz) 

P in 

- 

- 

1.0 

Watt 

Common- Emitter Amplifier 
Power Gain 

G pe 

8.75 

- 

- 

dB 

Collector Efficiency 

n 

65 

- 

- 

% 

Power Input 

Test Circuit Figure 8 

(V CE = 28 Vdc, P Qut = 3.0 Watts, 

f = 400 MHz) 

p. 

in 

- 

- 

1.0 


Common-Emitter Amplifier 
Power Gain 

G pe 


- 

- 

mm 

Collector Efficiency 

1 

40 

- 

- 

% 


2N3553 


Power Input 

Test Circuit Figure 9 
< v CE =28Vdc ’ P out = 2 ' 8 Watts, 
f = 175 MHz) 

P t„ 

- 

- 


| 

Common- Emitter Amplifier 
Power Gain 

G pe 

10 

- 

- 

1 

Collector Efficiency 

n 

50 

- 

- 

% 


2N3632 


Power Input 

Test Circuit Figure 10 

( V CE = 28 Vdc, P Qut = 13.5 Watts,. 

f = 175 MHz) 

p i„ 

- 

- 

3.5 

Watts 

Common- Emitter Amplifier 
Power Gain 

G P e 

5.86 

- 

- 

dB 

Collector Efficiency 


70 

- 

- 

% 


2N3961 


Power Input 

Test Circuit Figure 11 

( V CE = 12. 5 Vdc, P Qut = 2.0 Watts, 

Rg = 50 ohms, Rg = 50 ohms, 
f = 135 MHz) 

p i„ 

- 

- 

0.5 

Watt 

Common- Emitter Amplifier 
Power Gain 

G pe 

6.0 

- 

- 

dB 

Collector Efficiency 

n 

60 

- 

- 

% 

Power Input 

Test Circuit Figure 12 

(V CE = 28 Vdc, P Qut = 4. 0 Watts, 

Rg = 50 ohms, Rg = 50 ohms, 

f = 175 MHz) 

P in 

- 

- 

0.5 

Watt 

Common-Emitter Amplifier 
Power Gain 

G pe 


- 

- 

dB 

Collector Efficiency 

n 

60 

- 

- 

% 
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2N3375, 2N3553, 2N3632, 2N3961 (continued) 


POWER OUTPUT versus FREQUENCY 

COMMON EMITTER - V CE = 28 Vdc, T c = 25°C 


FIGURE 1 -2N3375 


FIGURE 2 -2N3553 






f, FREQUENCY (MHz) 

f, FREQUENCY (MHz) 

FIGURE 3 -2N3632 

FIGURE 4 -2N3961 








unn j 

! UNDER I 

TEST 1 

1 

1 













2N3375, 2N3553, 2N3632, 2N3961 (continued) 


TEST CIRCUITS 

2N3375 


FIGURE 7 -100 MHz 


FIGURE 8 -400 MHz 



2N3553 

FIGURE 9 -175 MHz 


2N3632 

FIGURE 10-175 MHz 



Li: 2 turns No. 16 AWG wire 3/16" I.D., '/*" long +28 V L 1t L 3 : 4 turns No. 18 AWG wire V*" I.D. 3/16" long 

L 2 : 2 turns No. 16 AWG wire 3/16" I.D., V*" long L 2 : 1 turn No. 16 AWG wire %" I.D., 3/16" long 

L 3 : 3 turns No. 16 AWG wire 3/8" I.D., 3/8" long L 4 : 2 1 /* turns No. 16 AWG wire %" I.D., %" long 


2N3961 


FIGURE 11 -135 MHz 



C lf C 3 = 5.0-50 pF (Air Variable) +12.5 V 

C 2 = 7.0-1 00 pF (Air Variable) 

C 4 = 1.0-30 pF (Air Variable) 

C 5 = 1000 pF (Disc Ceramic) 

C 6 - 0-02 /iF (Disc Ceramic) 

Li « 3 turns No. 16 AWG wire, 5/16" I.D., 5/16" long 
L 2 ■ 5 turns No. 16 AWG wire, 7/16" I.D., 5/8" long 


FIGURE 12 -175 MHz 



C] 1.0-1 2 pF (Air Variable) 

C 2 1.0-30 pF (Air Variable) 

C 3 5.0-50 pF (Air Variable) 

C 4 7.0-75 pF (Air Variable) 

C 5 470 pF (Disc Ceramic) 

Cs 0.001 n? (Disc Ceramic) 

Li, L 3 , L 4 2 turns No. 18 AWG enameled wire 

V' I.D., air wound 3/16" long 
L 2 RFC, Qy < 1 
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2n3425 (SILICON) 



Case 654-04 
TO-78 


Dual NPN silicon transistor designed for use as a 
high-frequency sense amplifier. 



PINS 4 AND 8 OMITTED 
Pin Connections Bottom View 
All Leads Electrically Isolated from Case 


MAXIMUM RATINGS (each side)(T A = 25 °C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

v CEO 

15 

Vdc 

Collector-Emitter Voltage 

V 

CER 

20 

Vdc 

(R BE = 10 ohms) 




Collector-Base Voltage 

v 

V CB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

5.1 

3 

Vdc 

Operating Junction Temperature 

T J 

+200 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 



One 

Both 




Side 

Sides 


Total Device Dissipation @ T^ = 25° C 

P D 

0.3 

0.4 

Watt 

Derate above 25° C 


1.72 

2.28 

mW/°C 

Total Device Dissipation @ T^ = 25° C 

P 

D 

0.75 

1.5 

Watt 

T c = 100°C 

0.43 

0.86 

Watt 

Derate above 25° C 


4.3 

8.55 

mW/°C 


FIGURE 1 — SWITCHING-TIME TEST CIRCUIT 



ten 

Vbb = —4.0 Vdc 
V in = +21 Vp. p 


INPUT AND OUTPUT PULSE 
WAVEFORMS 



toff 

V B » = + 17 Vdc 
V in = — 20 Vp.p 
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2N3425 (continued) 


ELECTRICAL CHARACTERISTICS (each side) (T A = 25 “C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage W 
(I c = 10 rnAdc, I = 0) 

BV 

v CEO(sus) 

15 

- 

vdc 

Collector-Emitter Sustaining Voltage'll 
(I c - 30 rnAdc, R be S 10 ohms) 

RV 

CER(sus) 

20 

- 

Vdc 

Collector -Base Breakdown Voltage 
(I c = 10 uAdc, I E = 0) 

bv cbo 

40 

- 

Vdc 

Emitter-Base Breakdown Voltage 
<I E =10 uAdc, I c =0) 

bv ebo 

5.0 

- 

Vdc 

Collector Cutoff Current 

(V CE - 20 Vdc, V EB(of[) - 0. 25 Vdc, T A - 125” C) 

*CEX 

- 

15 

uAdc 

Collector Cutoff Current 
(V CB = 20 Vdc, I £ = 0) 

! cbo 

- 

0.025 

uAdc 

(V CB = 20Vdc, I E =0, T a = 150°C) 


- 

15 


Emitter Cutoff Current 
(V eb « = 4.0 Vdc, I c =0) 

! ebo 

_ 

1 

0. 2 

uAdc 


ON CHARACTERISTICS 


DC Current Gain 
(I c = 0. 5 rnAdc, V CE =1.0 Vdc) 


h FE 

12 

. 

- 

(I c = 10 rnAdc, V CE =1.0 Vdc) 



30 

120 


(I c = 10 rnAdc, V CE =1.0 Vdc, T A = 

-55° C) 


12 

- 


Collector-Emitter Saturation Voltage 
(I c = 10 rnAdc, I R = 1. 0 rnAdc) 


V CE(sat) 

_ 

0.4 

Vdc 

flU = 7. 0 rnAdc, I„ = 0. 7 rnAdc, T A = 
C B A 

-55° C to +125° C) 


- 

0. 5 


Base-Emitter Saturation Voltage 
(1^ = 10 rnAdc, Ig = 1.0 rnAdc) 


V BE(sat) 

0. 7 

0. 85 

Vdc 

(I c = 7. 0 rnAdc, Ig = 0. 7 rnAdc, T A = 

-55° C) 


- 

0.9 



DYNAMIC CHARACTERISTICS 


Current -Gain — Bandwidth Product 
(I c = 20 rnAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

300 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, l E = f = 140 kHz) 

C ob 

- 

6.0 

pF 

Input Capacitance 

(Vg E = 0. 5 Vdc, I c = 0, f = 140 kHz) 

c ib 

- 

9.0 

pF 

Small -Signal Current Gain 
(I c = 10 rnAdc, V CE =1.0 Vdc, f = 1.0 kHz) 

h fe 

20 

- 

- 

Real Part of Input Impedance 
(I c = 10 rnAdc, V CE = 10 Vdc, f = 300 MHz) 

Re(h. ) 
ie 7 

- 

50 

Ohms 

Turn-On Time (Figure 1) 

(V cc - 3..0 Vdc, V EB(off) =2.0 Vdc, I c * 10 rnAdc, 1^ *3.0 rnAdc) 

*on 

- 

50 

ns 

Turn-Off Time (Figure 1) 

(V cc = 3. 0 Vdc, I c * 10 rnAdc, I B1 * 3. 0 rnAdc, Ig 2 *1.0 rnAdc) 

t off 

- 

90 

ns 

Storage Time (Figure 2) 

(I c * 10 rnAdc, I B1 * 10 rnAdc, Ig 2 = 10 rnAdc) 

t 

s 

- 

40 

ns 


Pulse Test: Pulse width ^ 300 us, duty cycle S 1% 


FIGURE 2 - STORAGE TIME TEST CIRCUIT 




V, n rise time < 5.0 ns 
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2n3427, 2n3428 (GERMANIUM) 


CASE 31(1) 

(TO-5) 

All leads isolated 
from case 



PNP germanium transistors for audio amplifier and 
medium-speed switching applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector- Base Voltage 

V CB 

45 

Vdc 

Collector- Emitter Voltage 

V 

V CER 

30 

Vdc 

Emitter- Base Voltage 

V EB 

30 

Vdc 

Collector Current (Continuous) 

! c 

500* 

mAdc 

Base Current (Continuous) 

! b 

50* 

mAdc 

Storage and Operating Temperature 

Range 

T st g > T J 

-65 to +100 

°c 

Collector Dissipation, Ambient 

Derate Above 25 °C 

P D 


mW 

u 


mW/°C 


♦Limited by power dissipation 
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2N3427, 2N3428 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector- Base Cutoff Current 


! cbo 




/iAdc 

(V CB =1.5 Vdc, I E = 0) 


- 

3.0 

5.0 


(V CB = 10 Vdc, I £ = 0, T A = +71 °C) 



- 

- 

100 


(V Cfi = 30 Vdc, 1 E = 0) 



- 

- 

10 


(V CB = 45 Vdc, I E = 0) 



- 

- 

50 


Emitter- Base Cutoff Current 


T _ 




/uAdc 

(V EB = 30 Vdc, I c = 0) 


EBO 

- 

3.0 

10 

Collector- Emitter Leakage Current 


X CER 




vAdc 

(V CE = 30 Vdc, R be = 10K ohms) 


— 

- 

600 


Collector- Emitter Punch- Thru Voltage 


H 




Vdc 

(Vfi =1.0 Vdc, VTVM impedance ^ 1 megohm) 


- 

- 


Output Capacitance 


JEM 




pF 

( V Cb = 6 Vdc . I E = 0, f = 1 MHz) 



10 

20 


Noise Figure 


NF 




dB 

( V CE = 4. 5 Vdc, I £ = 0. 5 mAdc, = 1 K ohms, f = 1 kHz , 






Ai = 1 Hz) 



— 

5*0 

10 


Small-Signal Current- Gain Cutoff Frequency 


f O'b 




MHz 

(V CB = 6 Vdc, I E = 1 mAdc) 

2N3427 

4.0 

6.0 

- 


2N3428 



8.0 

- 


Input Impedance 


h ib 





( V CB = 6 y dc, l E = 1 mAdc > f = 1 kHz ) 


25 

H 

g 


Output Admittance 


h . 
ob 


gW 

pa 

/imho 

(V CB = 6 Vdc, I £ = 1 mAdc, f = 1 kHz) 


0.05 

£9 

P 


Small-Signal Current Gain 


h fe 




_ 

( V CE = 6 y dc, J E = 1 mAdc > f = 1 kHz ) 

2N3427 

200 

325 

500 


2N3428 


350 

475 



Small- Signal Current Gain 


l h fe| 




_ 

(Vce = ^ Vdc, I E = 1 mAdc, f = 2 MHz) 

2N3427 

2.0 

- 



2N3428 


2.5 

- 



DC Current Gain 


h FE 




_ 

(I c = 20 mAdc, V CE = 1 Vdc) 

2N3427 

150 

275 

- 


2N3428 


250 

375 



(I c = 100 mAdc, V CE = 1 Vdc) 

2N3427 


100 

210 

350 


2N3428 


150 

260 

400 


(I c = 200 mAdc, V CE = 1 Vdc) 

2N3427 


75 

- 

- 


2N3428 


125 

- 

- 


Base- Emitter Input Voltage 


V BE 




Vdc 

( V CE « 1 Vdc, I c = 100 mAdc) 


— 

~ 

0. 5 


Collector- Emitter Saturation Voltage 


v 

V CE 

(sat) 




Vdc 

(1^, = 100 mAdc, Ig = 2 mAdc) 

2N3427 

- 

0. 155 

0.200 


2N3428 

- 

0. 150 

0. 190 


(I c = 200 mAdc, I fi = 4 mAdc) 

2N3427 


- 

0.220 

0.300 


2N3428 


- 

0.200 

0.280 
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P D , POWER DISSIPATION (MILLIWATTS) 


2N3427, 2N3428 (continued) 


POWER-TEMPERATURE DERATING CURVE COLLECTOR CURRENT verses BASE CURRENT 



TEMPERATURE <°C) 


I,, BASE CURRENT (MILLIAMPERES) 


OUTPUT CURRENT versus BASE DRIVE VOLTAGE DC CURRENT GAIN versus COLLECTOR CURRENT 



V EB , EMITTER-BASE VOLTAGE (VOLTS) 'c> COLLECTOR CURRENT (MILLIAMPERES) 
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2n3439 (SILICON) 

2n3440 


NPN SILICON HIGH VOLTAGE POWER TRANSISTORS 

...designed for use in consumer and industrial line-operated 
applications. These devices are particularly suited for audio, video 
and differential amplifiers as well as high-voltage, low-current 
inverters, switching and series pass regulators. 

• High DC Current Gain — 

hpE = 40 - 160 @ lc = 2Q mAdc 

• Current-Gain— Bandwidth Product — 

fj = 15 MHz (Min) @ lc = 10 mAdc 

• Low Output Capacitance — 

C 0 b= 10 pF (Max) @ f = 1.0 MHz 


* MAXIMUM RATINGS 


Rating 

Symbol 

2N3439 

2N 3440 

Unit 

Collector-Emitter Voltage 

v CEO 

350 

250 

Vdc 

Collector-Base Voltage 

V CB 

450 

300 

Vdc 

Emitter-Base Voltage 

VEB 

7.0 

Vdc 

Collector Current - Continuous 

•c 

1.0 

Adc 

Base Current 

•b 

0.5 

Adc 

Total Device Dissipation @ T/\ - 25°C 

Derate above 25°C 

Pd 

1.0 

5.7 

Watts 

mW/oc 

Total Device Dissipation @ Tq = 25°C 

Derate above 25°C 

Pd 

10 

0.057 

a o 
11 

Operating and Storage Junction Temperature 

Range 

T J. T stg 

-65 to +200 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

OJC 

17.5 

°C/W 

Thermal Resistance, Junction to Ambient 

y JA 

175 

°C/W 


ELECTRICAL CHARACTERISTICS (Tc - 25°C unless otherwise noted) 

I Characteristic | Symbol | Min | Max | Unit [ 


OFF CHARACTERISTICS 


'Collector-Emitter Sustaining Voltage (1) 

HC - 50 mAdc, lg = 0) 

2N3439 

2N3440 

v CEO (sus) 

350 

250 

- 

Vdc 

Collector Cutoff Current 


'CEO 



/u Adc 

<V C £ = 300 Vdc, l B =0) 

2N 3439 


_ 

20 


<V C E = 200 Vdc, lg =0) 

2 N 3440 


- 

50 


Collector Cutoff Current 


'CEX 



MAdc 

(Vce = ^50 Vdc, VgE( 0 ff) = 1 .5 Vdc) 

2N3439 


- 

500 


(Vce = 300 Vdc, VgE(off) = 1 .5 Vdc) 

2N3440 



500 


'Collector Cutoff Current 






(V C g = 360 Vdc, l E =0) 

2N3439 

•cbo 

- 

20 

MAdc 

(V C b = 250 Vdc, l E =0) 

2N3440 


- 

2Q 


’Emitter Cutoff Current 


•ebo 


20 

pAdc 

(V BE = 6.0 Vdc. I C =0) 







ON CHARACTERISTICS (tl 


DC Current Gain 
(IC “2.0 mAdc, V C £ “ 10 Vdc) 

'dC = 20 mAdc, V CE = 10 Vdc) 

2 N 3439 

Both Types 

h FE 

30 

40 

160 


'Collector-Emitter Saturation Voltage 
(l C = 50 mAdc, lg = 4.0 mAdc) 


v CE(sat) 

” 

0.5 

Vdc 

'Base-Emitter Saturation Voltage 
(IC = 50 mAdc, lg = 4.0 mAdc) 


v BE(sat> 

- 

1.3 

Vdc 


'DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product 
(lg = 10 mAdc, Vce “ 10 Vdc) 

<T 

15 

- 

MHz 

Output Capacitance 
(Vce “ 10 Vdc, l£ = 0, f = 1 .0 MHz) 

C 0 b 

- 

10 

PF 

Input Capacitance 

(V E g = 5.0 Vdc, l C =0,f = 1.0 MHz) 

Cib 

- 

75 

PF 

Small-signal Current Gain 
(IC = 5.0 mAdc, V C E = 10 Vdc, f = 1 .0 kHz) 

h fe 

25 

- 

“ 

Real Part of Common Emitter Small-Signal 

Short-Circuit Input Impedance 
(V C e = 10 Vdc, l C = 5.0 mAdc, f = 1 .0 MHz) 

Re(h je ) 


300 

Ohms 


•Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Widths 300 ms, Duty Cycles 2.0%. 


1 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

250-350 VOLTS 
10 WATTS 



n DIA - 


0.335 r 
0.370 1 

0M D ia- 

0.335 UIA 


0.240 

0.260 


0.016 n 
0.019 u 


STYLE 1 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


1.5 

MIN 



All JEDEC dimensions and notes apply 


CASE 31 
TO-5 
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2N3439, 2N3440 (continued) 


FIGURE 7 - TURN-ON TIME 



FIGURE 9 - SWITCHING TIME EQUIVALENT TEST CIRCUIT 



Note: Vcc and Rc adjusted for VcE(off) = 150 V and Iq as desired, 
RB chosen for desired Ibi, Vi «=10V. 



5.0 7.0 10 20 30 50 70 100 


1C, COLLECTOR CURRENT (mA) 



10 20 30 50 70 100 200 

1C. COLLECTOR CURRENT (mA) 


FIGURE 10 - CURRENT-GAIN-BANDWIDTH PRODUCT 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



FIGURE 12 - CAPACITANCE 
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2N3439, 2N3440 (continued) 


FIGURE 13 - TYPICAL THERMAL RESPONSE 




5.0 10 20 30 50 100 200 300 500 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0 40 80 120 160 200 


Tc, CASE TEMPERATURE (°C) 


There are two limitations on the power handling ability of a transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate lc - VcE limits of the transistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 14 is based on Tj( p |<) = 200°C; Tc is variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj(pk) =200°C, T j( p k) may be calculated from the data in Figure 13. At high case 
temperatures, thermal limitations will reduce the power that can be handled to values less than the limitations imposed by 
second breakdown. (See AN-415) 


2n3444 (SILICON) 

For Specifications, See 2N3252 Data. 







COLLECTOR CURRENT (AMP) 


2n3445 thru 2N3448 (SILICON) 


NPN silicon power transistors for switching and amplifier 
applications requiring fast response, wide band and good 
Beta linearity. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N3445 

2N3447 

2N3446 

2N3448 

Unit 

Collector-Base Voltage 

V CB 

80 

100 

Volts 

Collector-Emitter Voltage 

v CEO 

60 

80 

Volts 

Emitter-Base Voltage 

V EB 

6.0 

10 

Volts 

Collector Current 

k : 

7.5 

Amp 

Base Current 

J B 

4.0 

Amp 

Power Dissipation 

P D 

115 

Watts 

Junction Operating Temperature Range 

Tj 

-65 to + 200 

°C 



(TO-3) 

Collector connected to case 


POWER-TEMPERATURE 
DERATING CURVE 


These transistors are 
also subject to safe area 
curves. Both limits are 
applicable and must be 
observed. 




T 0 CASE TEMPERATURE (°C) 


SAFE OPERATING AREAS 



2N3446, 2N3448 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area 
Curves indicate Ic — Vce 
limits below which the device 
will not go into secondary 
breakdown. Collector load 
lines for specific circuits must 
fall within the applicable Safe 
Area to avoid causing a col- 
lector-emitter short. (Duty 
cycle of the excursions make 
no significant change in these 
safe areas.) To insure opera- 
tion below the maximum Tj, 
the power-temperature de- 
rating curve must be ob- 
served for both steady state 
and pulse power conditions. 
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2N3445 thru 2N3448 (continued) 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic 



Typ 



Emitter-Base Cutoff Current 


Iebo 




mAdc 

(V EB = 6 Vdc) 

2N3445, 2N3447 


— 

— 

0.25 


(V EB = 10 Vdc) 

2N3446, 2N3448 


— 

— 

0.25 


Collector-Emitter Cutoff Current 


*CEX 




mAdc 

(V CE = 60 Vdc, V fiE = -1 Vdc) 

2N3445, 2N3447 

— 

— 

0.1 


(V rK = 60 Vdc, V PP = -1 Vdc, T r = 150°C) 

2N3445, 2N3447 


— 

— 

1.0 


(V C E = 80 Vdc, V BE = -1 Vdc) 

2N3446, 2N3448 


— 

— 

0.1 


(V CE = 80 Vdc, V BE = -1 Vdc, T c = 150°C) 

2N3446, 2N3448 


— 

— 

1.0 


Collector-Emitter Cutoff Current 


*ceo 




mAdc 

(V CE = 40 Vdc, I B = 0) 

2N3445, 2N3447 

— 

— 

1.0 


(V CE = 60 Vdc, I B = 0) 

2N3446, 2N3448 


— 

— 

1.0 


Collector-Base Breakdown Voltage 


BV 




Vdc 

(I c = 1 mAdc, I = 0) 

2N3445, 2N3447 

CBO 

80 

— 

— 



2N3446, 2N3448 


100 

— 

— 


Collector- Emitter Sustaining Voltage 


V CEO(sus) 




Vdc 

(Ic = 100 mAdc, I B = 0) 

2N3445, 2N3447 

60 

— 

— 


2N3446, 2N3448 


80 

— 



DC Current Gain 


h FE 




— 

(Ic = 0.5 Adc, V CE = 5 Vdc) 

2N3445, 2N3446 

20 

45 

— 


2N3447, 2N3448 


40 

85 

i — 


(IC = 3 Adc, V CE = 5 Vdc) 

2N3445, 2N3446 


20 

40 

60 


(IC = 5 Adc, V CE = 5 Vdc) 

2N3447, 2N3448 


40 

75 

120 


Collector- Emitter Saturation Voltage 


V CE (sat) 




Vdc 

(Ic = 3 Adc, I B = 0.3 Adc) 

2N3445, 2N3446 

— 

0.6 

1.5 


d C = 5 Adc, I B = 0.5 Adc) 

2N3447, 2N3448 

i 

— 

0.8 

1.5 


Base- Emitter Saturation Voltage 


V BE (sat) 




Vdc 

(I c = 3 Adc, I B = 0.3 Adc) 

2N3445, 2N3446 

— 

1.0 

1.5 


(I c = 5 Adc, I B = 0.5 Adc) 

2N3447, 2N3448 




1.0 

: 

1.5 


Base- Emitter Voltage 


V BE 




Vdc 

(I c = 3 Adc, V CE = 5 Vdc) 

2N3445, 2N3446 

— 

1.0 

1.5 


(I c = 5 Adc, V CE = 5 Vdc) 

2N3447, 2N3448 


— 

1.0 

1.4 


Small Signal Current Gain 


h fe 




— 

(V CE = 10 Vdc, ^ = 0.5 Adc, f = 1 kHz ) 

2N3445, 2N3446 

20 

— 

100 


2N3447, 2N3448 


40 

— 

200 


(V CE = 10 Vdc, Ic = 0.5 Adc, f = 10 MHz ) 



1.0 

1.6 

— 


Common Base Output Capacitance 


C ob 




pF 

(V CB = 10 Vdc, f = 0.1 MHz) 


— 

260 

400 

Switching Times 






lis 

(V C c * 25 Vdc, R l= 5 ohms, ^ = 5 A, I B1 = 
Delay Time plus Rise Time 

I B2 = 0.5 A) 

*d +t r 

_ 

0.15 

0.35 


Storage Time 


t s 

— 

0.9 

2.0 


Fall Time 


tf 

— 

0.15 

0.35 



COLLECTOR CURRENT versus BASE CURRENT 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 5001000 


l„ BASE CURRENT (mA) 



l„ BASE CURRENT (mA) 
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COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) h fll CURRENT GAIN h„, CURRENT GAIN 








ACTIVE REGION TIME CONSTANT (nsj) SWITCHING TIME (ns) 


2N3445 thru 2N3448 (continued) 


COLLECTOR CURRENT-VOLTAGE 
VARIATIONS 



O 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

V i£ , BASE-EMITTER VOLTAGE (VOLTS) 


BASE CURRENT-VOLTAGE 
VARIATIONS 



0 0.2 0.4 0.6 0.8 1.0 1.2 

V 8E( BASE-EMITTER VOLTAGE (VOLTS) 


TYPICAL SWITCHING TIMES 



ACTIVE REGION TIME CONSTANT 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

l c , COLLECTOR CURRENT (AMP) 


RISE TIME FACTOR 



1 2 3 5 7 10 20 30 50 70 100 
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2n3467, 2n3468 (silicon) 

2N3467 JAN AVAILABLE 
2N3468 JAN AVAILABLE 


PNP silicon annular transistors for high-speed 
switching and driver applications. 


MAXIMUM RATINGS 



Rating 

Symbol 

2N3467 

2N3468 

Unit 

Collector-Base Voltage 

V CB 

40 

50 

Vdc 

Collector- Emitter Voltage 

V CEO 

40 

50 

Vdc 

Emitter-Base Voltage 

V EB 

5. 

0 

Vdc 

Collector Current 

*C 

1 . 

0 

Adc 

Total Device Dissipation (a) T A = 25°C 

P D 

1.0 

Watt 

Derating Factor Above 25°C 


5.71 

mW/°C 

Total Device Dissipation @ T^ = 25°C 

P D 

5 

.0 

Watts 

Derating Factor Above 25°C 


28.6 

mW/°C 

Junction Temperature, Operating 

T J 

+ 200 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 


THERMAL RESISTANCE O.ia (air) = 0.175°C/mW 

0j C (case) = 35°C/W 


STORAGE TIME VARIATION WITH TEMPERATURE 



50 70 100 200 300 500 700 1000 


l c , COLLECTOR CURRENT (mA) 


LIMITS OF SATURATION VOLTAGE 



50 70 100 200 300 500 700 1.000 

l c , COLLECTOR CURRENT (mA) 
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2N3467, 2N3468 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector Cutoff Current 


*CBO 


Bl 

4 Adc 

(V CB = 30 Vdc, I E = 0) 


— 



(V CB = 30 Vdc, I E = 0, T A = 100°C) 



— 

mi 


Collector Cutoff Current 


*CEX 

■ 


nAdc 

( Vce = Vdc, V BE(off) = ^ Vdc) 


a 

100 


Base Cutoff Current 


X BL 

■ 


nAdc 

(V CE = 30 Vdc, v BE ( 0f() = 3 Vdc) 


9 

120 


Collector- Base Breakdown Voltage 


bv cbo 



Vdc 

0c = 10 #iAdc, I E = 0) 

2N3467 

40 

— 



2N3468 


50 

— 


Collector- Emitter Breakdown Voltage m 


bv ceo 

Mi 

B 

Vdc 

(Ic = 10 mAdc, I B = 0) 

2N3467 

BS 




2N3468 


11 

bfl 


Emitter-Base Breakdown Voltage 


bv ebo 


B 

Vdc 

(I E = 10 iiAAc^Iq = 0) 


5.0 

B 


Collector Saturation Voltage (1) 


v CE(sat) 


B 

Vdc 

(I c = 150 mAdc, I B = 15 mAdc) 

2N3467 


WjWM 


2N3468 





(1^ = 500 mAdc, I fi = 50 mAdc) 

2N3467 


— 

BIb 


2N3468 


B 

lif 


(Ic = 1 Adc, Ig = 100 mAdc) 

2N3467 



i.o 


2N3468 


B 

B 


Base-Emitter Saturation Voltage m 


v BE(sat) 



Vdc 

(Ic = 150 mAdc, Ig = 15 mAdc) 


— 

1.0 


(IC = 500 mAdc, Ig = 50 mAdc) 



0.8 

1.2 


(IC = 1 Adc, Ig = 100 mAdc) 



— 

1.6 


DC Forward Current Transfer Ratio 111 


h FE 


BjgJ 

BBj 

(Ic = 150 mAdc, V CE = 1.0 Vdc) 

2N3467 

40 


■ 

2N3468 


25 


1 

(Ic = 500 mAdc, V CE = 1.0 Vdc) 

2N3467 


40 


I 

2N3468 


25 

75 


(I c = 1 Adc, V CE = 5 Vdc) 

2N3467 


40 



2N3468 


25 


BP 

Output Capacitance 


C ob 

m 


pF 

(V CB = 10 Vdc, I E = 0, f = 100 kHz) 


E 

25 


Input Capacitance 


C ib 

■ 

■I 

PF 

(V EB = 0-5 Vdc, Ic = 0, f = 100 kHz) 


E 

100 


Current-Gain - Bandwidth Product 


f T 



MHz 

(Ic = 50 mAdc, V CE » 10 Vdc, f = 100 MHz) 

2N3467 


175 



2N3468 


150 

B 



(D Pulse Test: PW ^ 300 /is, Duty Cycle i2% 
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2N3467, 2N3468 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

Min 

Max 

Unit | 

Delay Time 

(IC= 500 mA, I B1 = 50 mA, V fiE = 

2 V, V cc = 30 V) 

*d ! 

— 

10 

m 

Rise Time 

*r 

— 

30 

ns 

Storage Time 

(Iq = 500 mA, = I32 * 50 mA, =30 V) 

*8 

— 

60 

ns 

Fall Time 

tf 

— 

30 

ns 

Total Control Charge 

Oc = 500 mA, I B = 50 mA, V cc = 30 V) 

Qt 

■ 

D 

nC 



50 70 100 200 300 500 700 1000 

l Cl COLLECTOR CURRENT (mA) 



50 70 100 200 300 500 700 1000 

l c , COLLECTOR CURRENT (mA) 
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2n3485, A (SILICON) 

2n3486, A 

For Specifications, See 2N2904 Data. 


2N 3487 thru 2N 3492 (SILICON) 


CASE 9 

(TO-61 ) 



NPN silicon power transistors designed for switch- 
ing and amplifier applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N3487 

2N3490 

2N3488 

2N3491 

2N3489 

2N3492 

Unit 

Collector -Base Voltage 

V CB 

80 

100 

120 

Vdc 

Collector -Emitter Voltage 

V 

v CEO 

60 

80 

100 

Vdc 

Emitter -Base Voltage 

V EB 

10 

10 

10 

Vdc 

Collector Current (Continuous) 

x c 

7.5 

7.5 

7.5 

Adc 

Base Current (Continuous) 


4.0 

4.0 

4.0 

Adc 

Power Dissipation 

P D 

117 

117 

117 

Watts 

Thermal Resistance, Junction to Case 

d JC 

1.5 

1.5 

1.5 

°c/w 

Junction Operating Temperature Range 

T J 

-65°C to + 200°C 

°c 
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2N3487 thru 2N3492 (continued) 


ELECTRICAL CHARACTERISTICS (T C - 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Emitter -Base Cutoff Current 


X EBO 



mAdc 

(V EB = 10 Vdc) 


- 

0.10 


Collector -Emitter Cutoff Current 


X CEX 



juAdc 

(V CE ■ 60 Vdc, V BE = -1 Vdc) 

2N3487, 2N3490 

- 

25 

(V CE = 80 Vdc, V BE = -1 Vdc) 

2N3488, 2N3491 


- 

25 


(V CE - 100 Vdc, V BE = -1 Vdc) 

2N3489, 2N3492 


- 

25 


(V rc = 60 Vdc, V„ E = -1 Vdc, T r = 150“°C) 

2N3487, 2N3490 


- 

250 


(V rE = 80 Vdc, V nn = -1 Vdc, Tp = 150°C) 

2N3488, 2N3491 


- 

250 


(V CE = 100 Vdc, V BE = -1 Vdc, T c = 150°C) 

2N3489, 2N3492 


- 

250 


Collector -Emitter Cutoff Current 


J CEO 



juAdc 

(V CE = 40 Vdc, I B = 0) 

2N3487, 2N3490 

- 

250 

(V CE = 60 Vdc, ! b = °) 

2N3488, 2N3491 


- 

250 


(V CE = 80 Vdc, I B = 0) 

2N3489, 2N3492 


- 

250 


Collector -Base Breakdown Voltage 


bv cbo 



Vdc 

(I c = 100 MAdc, Ig = 0) 

2N3487, 2N3490 

80 

- 


2N3488, 2N3491 


100 

- 



2N3489, 2N3492 


120 

- 


Collector -Emitter Sustaining Voltage 


V CEO(sus) 



Vdc 

(I c = 100 mAdc, Ig = 0) 

2N3487, 2N3490 

60 

_ 


2N3488, 2N3491 


80 

_ 



2N3489, 2N3490 


100 

- 


DC Current Gain 






(I c = o. 5 Adc, V CE = 5 Vdc) 

2N3487, 2N3488, 2N3489 

r E 

20 

- 


2N3490, 2N3491, 2N3492 


40 

- 


(1^ =3.0 Adc, V CE = 5 Vdc) 

2N3487, 2N3488 


20 

60 


2N3489 


15 

45 


(I c = 5. 0 Adc, V CE = 5 Vdc) 

2N3490, 2N3491 


40 

120 


2N3492 


30 

90 


Collector -Emitter Saturation Voltage 


V CE(sat) 



Vdc 

(I c = 1 Adc, I B = 0. 1 Adc) 


- 

0.3 


(I_ = 3 Adc, 1 = 0. 3 Adc) 

2N3487, 2N3488, 2N3489 



1.2 


L D 

2N3490, 2N3491, 2N3492 


- 

1.0 


(I c = 5 Adc, I B = 0. 5 Adc) 

2N3490, 2N3491, 2N3492 


- 

1.5 


Base -Emitter Saturation Voltage 


V BE(sat) 



Vdc 

(I c = 3 Adc, I B = 0-3 Adc) 

2N3487, 2N3488, 2N3489 

- 

1.5 


(I c = 5 Adc, I B = 0. 5 Adc) 

2N3490, 2N3491, 2N3492 


- 

1.5 


Base -Emitter Voltage 


V BE 

■ 

■m 


(I c = 3 Adc, V C£ = 5 Vdc) 

2N3487, 2N3488, 2N3489 

1 

IS 


(I c = 5 Adc, V CE = 5 Vdc) 

2N3490, 2N3491, 2N3492 



D 


Small Signal Current Gain 


h fe 



_ 

(V C e= 10 Vdc, I c = 0. 5 Adc, f = 1 kHz) 

2N3487, 2N3488, 2N3489 

20 

100 


2N3490, 2N3491, 2N3492 


40 



(V CE = 10 Vdc, I c = 0. 5 Adc, f = 10 MHz) 

All Types 



- 


Common Base Output Capacitance 


C ob 



pF 

(V CB = 10 Vdc, f = 0. 1 MHz) 


- 

550 


Switching Times 




■ 

MS 

(V cc « 25 Vdc, R L = , I c = 5 Adc, I B = -I 

1^= 0.5 Adc) 


- 

mm 


Delay Time plus Rise Time 


‘d +t r 

- 

0.35 

Ms 

Storage Time 


‘ S 

- 

2.0 


Fall Time 


‘f 

- 

0.35 
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2n3494 (SILICON) 

thru 


2n3497 


PNP SILICON ANNULAR STAR TRANSISTORS 

. . . designed for high-voltage switching circuits and DC to VHF 
amplifier applications. 

• High Collector-Emitter Breakdown Voltage — 

BVcEO = 120 Vdc (Min) @ l C = 10 mAdc (2N3495,97) 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 0.3 Vdc (Max) @ Iq = 10 mAdc (2N3494,96) 

• High Current-Gain— Bandwidth Product — 

fj = 200 MHz (Min) @ l C = 20 mAdc (2N3494,96) 


^MAXIMUM RATINGS 



2N3494 

2N3495 


Rating 

Symbol 

2N3496 

2N3497 

Unit 

Collector-Emitter Voltage 

v CEO 

80 

120 

Vdc 

Collector-Base Voltage 

V CB 

80 

120 

Vdc 

Emitter-Base Voltage 

V EB 

4.5 

Vdc 

Collector Current — Continuous 

•c 

100 

mAdc 



2N3494 

2N3496 




2N3495 

2N3497 


Total Device Dissipation @ T/\ = 25°C 

P D 

600 

400 

mW 

Derate above 25°C 


3.43 

2.28 

mW/°C 

Total Device Dissipation @Tq = 25°C** 

P D 

2.0 

1.2 

Watts 

Derate above 25°C 


11.4 

6.85 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-65 to +200 

°c 

Temperature Range 




1 ndicates JEDEC Registered Data. 





Motorola guarantees this data in addition to JEDEC Registered Data. 



PNP SILICON 
HIGH-VOLTAGE 
TRANSISTORS 
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2N3494 thru 2N3497 (continued) 

^ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage^) 


BV CEO 



Vdc 

(l C = lOmAdc, l B = 0) 

2N3494, 2 N 3496 


80 

- 


2N3495, 2N3497 


120 

- 


Collector-Base Breakdown Voltage 


bv cb0 



Vdc 

(l C = 10 juAdc, l E = 0) 

2N3494, 2 N 3496 


80 

- 



2N3495, 2 N 3497 


120 

- 


Emitter-Base Breakdown Voltage 


bv eb0 

4.5 

- 

Vdc 

(l E = 10/uAdc, l C = 0) 






Collector Cutoff Current 


>cbo 



nAdc 

(V C b = 50 Vdc, l E = 0) 

2N3494, 2N3496 

- 

100 


(V C b = 90 Vdc, l E = 0) 

2N3495, 2 N 3497 


- 

100 


Emitter Cutoff Current 


>ebo 

- 

25 

nAdc 

(V BE = 3.0 Vdc, l C = 0) 






ON CHARACTERISTICS 


DC Current GainH ) 

(l C = 100 juAdc, V C E = 10 Vdc) 

(Iq - 1.0 mAdc, Vqe = 10 Vdc) 

(l C = 10 mAdc, V CE = 10 Vdc) 

(l C = 50 mAdc, V CE = 10 Vdc) 

(l C = 100 mAdc, Vqe * 10 Vdc) 

All Types 

All Types 

All Types 

All Types 

2N3494, 2N3496 

hpE 

35 

40 

40 

40 

35 

_ 


Collector-Emitter Saturation Voltage 
(l C = 10 mAdc, l B = 1.0 mAdc) 

2N3494, 2 N 3496 
2N3495, 2N3497 

v CE(sat) 

- 

0.3 

0.35 

Vdc 

Base-Emitter Saturation Voltage 
(lC = 10 mAdc, l B = 1.0 mAdc) 


v BE(sat) 

0.6 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product^) 

(Iq = 20 mAdc, V CE = 10 Vdc, f = 100 MHz) 2N3494, 2N3496 

2N3495, 2 N 3497 

*T 

200 

150 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 2N3494, 2N3496 

2N3495, 2 N 3497 

Oob 

- 

7.0 

6.0 

pF 

Input Capacitance 

(V B e = 2.0 Vdc, l C = 0, f = 100 kHz) 

c ib 

- 

30 

pF 

Input Impedance 

(Iq = 10 mAdc, Vqe = 10 Vdc, f = 1.0 kHz) 

hje 

0.1 

1.2 

k ohms 

Voltage Feedback Ratio 
(l C = 10 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

h re 


2.0 

X 10“ 4 

Small-Signal Current Gain 

(l C = 10 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

hfe 

40 

300 

- 

Output Admittance 

(l C = 10 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

h oe 

- 

300 

jurnhos 

Real Part of Input Impedance 
(l C = 20 mAdc, V CE - 10 Vdc, f - 300 MHz) 

Re(hj e ) 

- 

30 

Ohms 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 20 Vdc, lc = 10 mAdc, l B -| = 10 mAdc) (See Figure 1) 

ton 

— 

300 

ns 

Turn-Off Time 

(Vcc = Vdc ' >C = 10 mAdc, 1 B 1 ~ 1 B 2 — 1-0 mAdc) (See Figure 2) 

toff 

" 

1000 

ns 


’Indicates JEDEC Registered Data. 

(DPulse Test: Pulse Width ^300 jus, Duty Cycle = 2.0%. 

(2)f T js defined as the frequency at which |hf e j extrapolates to unity. 

FIGURE 1 - TURN-ON TIME TEST CIRCUIT FIGURE 2 - TURN-OFF TIME TEST CIRCUIT 
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2n3498 thru 2n3501 (SILICON) 

JAN, JTX AVAILABLE 



Collector connected to case 


NPN silicon annular transistors for high-voltage 
switching and low- power amplifier applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N3498 

2N3499 

2N3500 

2N3501 

Unit 

Collector-Emitter Voltage 

V CEO 

100 

150 

Vdc 

Collector- Base Voltage 

V CB 

100 

150 

Vdc 

Emitter- Base Voltage 

V EB 

6.0 

Vdc 

Collector Current 

X C 

500 

300 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

1 . 

0 

Watt 

Derate above 25°C 


5.71 

mW/°C 

Total Device Dissipation @ T^ = 25°C 

P D 

5. 

0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Operating and Storage Junction Temperature Range 

T J’ T st g 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

2N3498 

2N3499 

2N3500 

2N3501 

Unit 

Thermal Resistance, Junction to Case 

6 JC 

35 

°C/W 

Thermal Resistance, Junction to Ambient 

9 JA 

0. 175 

°C/mW 


TEMPERATURE COEFFICIENTS 



l c , COLLECTOR CURRENT (mA) 


JUNCTION CAPACITANCE VARIATIONS 
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2N3498 thru 2N3501 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25 # C unless otherwise noted) 


Characteristic 

Symbol 



Unit 

OFF CHARACTERISTICS 

Collector -Emitter Breakdown Voltage 
(I c = 10 mAdc, I B = 0) 

2N3498, 2N3499 
2N3500, 2N3501 

bv ceo 

100 

150 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 10 uAdc, I E = 0) 

2N3498, 2N3499 
2N3500, 2N3501 

bv cbo 

100 

150 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 10 /lAdc, I c = 0) 

bv ebo 

6.0 

- 

Vdc 

Collector Cutoff Current 
(V CB = 50 Vdc, I E = 0) 

2N3498, 2N3499 

! cbo 

_ 

0. 050 

fjAdc 

(V CB = 50 Vdc, I E = 0, T A = 150°C) 

2N3498, 2N3499 


- 

50 


(V CB = 75 Vdc, I £ = 0) 

2N3500, 2N3501 


- 

0.050 


(V CB = 75 Vdc, I E = 0, T a = 150°C) 

2N3500, 2N3501 



50 


Emitter Cutoff Current 
(V EB = 4. 0 Vdc, I c = 0) 

t ebo 

- 

25 

nAdc 


ON CHARACTERISTICS 


DC Current Gain* 1 * 





_ 

(I c = 0. 1 mAdc, V CE = 10 Vdc) 

2N3498, 2N3500 

FE 

20 

- 


2N3499, 2N3501 


35 

- 


(I c =1.0 mAdc, V CE = 10 Vdc) 

2N3498, 2N3500 


25 

- 


2N3499, 2N3501 


50 

- 


(I = 10 mAdc, V CE = 10 Vdc) 

2N3498, 2N3500 


35 

_ 


2N3499, 2N3501 


75 

- 


(I = 150 mAdc, V__ = 10 Vdc) 

C Lh 

2N3498, 2N3500 


40 

120 


2N3499, 2N3501 


100 

300 


(I c = 300 mAdc, V CE = 10 Vdc) 

2N3500 


15 

_ 


2N3501 


20 

- 


(I c = 500 mAdc, V CE = 10 Vdc) 

2N3498 


15 

_ 


2N3499 


20 

- 


Collector-Emitter Saturation Voltage H) 


V CE(sat) 



Vdc 

(I^ = 10 mAdc, Ig = 1. 0 mAdc) 


- 

0.2 


(I c = 50 mAdc, I B = 5. 0 mAdc) 



- 

0.25 


(1^ = 150 mAdc, Ig = 15 mAdc) 

2N3500, 2N3501 


- 

0.4 


(1^ = 300 mAdc, = 30 mAdc) 

2N3498, 2N3499 


- 

0.6 


Base-Emitter Saturation Voltage 


V BE(sat) 



Vdc 

(I c = 10 mAdc, I B = 1.0 mAdc) 


- 

0.8 


(1^ = 50 mAdc, Ig = 5. 0 mAdc) 



- 

0.9 


(1^, =150 mAdc, Ig = 15 mAdc) 

2N3500, 2N3501 


- 

1.2 


(I c = 300 mAdc, Ig = 30 mAdc) 

2N3498, 2N3499 


- 

1.4 



(1) Pulse Test: Pulse Width % 300 jus, Duty Cycle % 2.0%. 
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2N3498lhru 2N3501 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

Min 

Max 

Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current- Gain— Bandwidth Product 
(I c = 20 mAdc, V CE = 20 Vdc, f = 100 MHz) 

f T 

150 

- 

MHz 

Output Capacitance 

(V = 10 Vdc, I„ = 0, f = 100 kHz) 2N3498, 2N3499 

2N3500, 2N3501 

C ob 

- 

10 

8.0 

pF 

Input Capacitance 

( V Be = 0. 5 Vdc, I c = 0, f = 100 kHz) 

c ib 

- 

80 

pF 

Input Impedance 

(I r = 10 mAdc, V p = 10 Vdc, f = 1. 0 kHz) 2N3498, 2N3500 

U 2N3499, 2N3501 

h ie 

0.2 

0.25 

1.0 

1.25 

k ohms 

Voltage Feedback Ratio 

(I r = 10 mAdc, V p = 10 Vdc, f = 1. 0 kHz) 2N3498, 2N3500 

^ 2N3499, 2N3501 

h re 

- 

2.5 

4.0 

x 10- 4 

Small- Signal Current Gain 

(I = 10 mAdc, V r = 10 Vdc, f = 1.0 kHz) 2N3498, 2N3500 

^ 2N3499, 2N3501 

h fe 

50 

75 

300 

375 

~ 

Output Admittance 

(I r = 10 mAdc, V = 10 Vdc, f = 1. 0 kHz) 2N3498, 2N3500 

U 2N3499, 2N3501 

h oe 

10 

20 

100 

200 

/imhos 

SWITCHING CHARACTERISTICS 

Typ 

Delay Time 

<v cc - 100 Vdc, v BE(off) =2.ovdc, 

I c = 150 mAdc, I B1 = 15 mAdc) 

l d 

20 

ns 

Rise Time 

*r 

35 

ns 

Storage Time 

(V cc = 100 Vdc, I c = 150 mAdc, 
r Bl * : B2 ' 15 mAdc > 

l s 

300 

ns 

Fall Time 

‘f 

80 

— 

ns 


SATURATION VOLTAGES 




10 20 50 100 200 300 

l c> COLLECTOR CURRENT (mA) 


2-527 























SMALL SIGNAL h PARAMETER CHARACTERISTICS 

V CE = 10 Vdc, f = 1.0 kHz, T A = 25°C 

CURRENT GAIN OUTPUT IMPEDANCE 









2n3506,2n3507 (SILICON) 



Rating 

Symbol 

2N3506 

2N3507 

Unit 

Collector-Base Voltage 

v 

V CB 

60 

80 

Vdc 

Collector -Emitter Voltage 

v 

CEO 

40 

50 

Vdc 

Emitter- Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 


3.0 

Adc 

Total Device Dissipation 
@ 25° C Case Temperature 
Derating Factor Above 25°C 

P D 

5.0 

28.6 

Watts 

mW/°C 

Total Device Dissipation 

@ 25 °C Ambient Temperature 
Derating Factor Above 25° C 

P D 

1.0 

5.71 

Watts 

mW/°C 

Junction Operating Temperature 

T J 

200 

°c 

Storage Temperature Range 

T Stg 

-65 to +200 

°c 


THERMAL RESISTANCE 0 JA = 0.175°C/mW 

0j c = 35°C/W 


SATURATION VOLTAGES 


SWITCHING TIMES 



0.2 0.3 0.5 1.0 

l c , COLLECTOR CURRENT (Adc) 







f _ 

\ 


... 









1 0.2 


‘ V CC = 30 V 
‘ Vl t . = 2V 
' Ic = 101, 


ijzxz 


0.3 0.5 0.7 1.0 2.0 

l c , COLLECTOR CURRENT (Adc) 








































2N3506, 2N3507 (continued) 


ELECTRICAL CHARACTERISTICS <t a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector Cutoff Current 

(V CE - 40 Vdc, V EB(of() „ 4 Vdc) 

2N3506 

*CEX 

B 

1.0 

pAdc 

(V CE = 40 Vdc, V EB(of() » 4 Vdc, T a 

= 100°C) 


II 

150 


(V CE - 60 Vdc, V EB(om . 4 Vdc) 

2N3507 


9 

1.0 


(V CE = 60 Vdc 

V EB(off) = 4 Vdc * T A 

= 100°C) 


9 

150 


Base Cutoff Current 

(V CE = 40 Vdc, V EB(of{) = 4 Vdc) 

2N3506 

! bl 

B 

1.0 

/i Adc 

<V C E 3 60 Vdc, V EB(o[f) =4 Vdc) 

2N3507 


9 

1.0 


Collector -Base Breakdown Voltage 
(I c = 100 pAdc, i E = 0) 

2N3506 

2N3507 

bv cbo 

60 

80 

-- 

Vdc 

Collector -Emitter Breakdown Voltage 
(Iq = 10 mAdc, pulsed, = 0) 

2N3506 

2N3507 

bv ceo 

40 

50 

H 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 10 pAdc, I c = 0) 

bv ebo 

5.0 

- 

Vdc 

Collector Saturation Voltage (D 
(I c = 500 mAdc, I B = 50 mAdc) 


V CE(sat) 

■ 

0.5 

Vdc 

(I c = 1.5Adc, 

I B = 150 mAdc) 




1.0 


(I c = 2. 5 Adc, I B = 250 mAdc) 



■ 

1.5 


Base-Emitter Saturation Voltage <0 
d^ = 500 mAdc, = 50 mAdc) 


V BE(sat) 

__ 

mm 

Vdc 

(I c = 1. 5 Adc, 

Ig = 150 mAdc) 



0.9 

9fl 


(I c = 2. 5 Adc, 

I B = 250 mAdc) 



- 

2.0 


DC Current Gain (1 > 

d c = 500 mAdc, V CE = 1 Vdc) 

2N3506 

2N3507 

h FE 

50 

35 

- 

~ 

d c = 1.5Adc, 

V CE = 2 Vdc) 

2N3506 

2N3507 


40 

30 

200 

150 


(I c = 2. 5 Adc, 

V CE = 3 Vdc) 

2N3506 

2N3507 


30 

25 

— 


(I c = 3. 0 Adc, 

V CE . 5 Vdc) 

2N3506 

2N3507 


25 

20 

- 


Output Capacitance 

(V CB = 10 Vdc, I E = 0, f = 100 kHz) 

C 0b 

■ 

40 

pF 

Input Capacitance 
(V be = 3 Vdc, 

I c = 0, f = 100 kHz) 


c ib 

■ 

300 

PF 

Current Gain -Bandwidth Product 

(I c = 100 mAdc, V CE = 5 Vdc, f = 20 MHz) 

f T 

60 

- 

MHz 

Delay Time 

I c = 1.5Adc, 1 BJ * 

150 mAdc 

‘d 

- 

15 

ns 

Rise Time 

V cc = 30 V, V EB = 

0 V 

l r 

- 

30 

ns 

Storage Time 

Ic^ SAdc, I B ,= 

*B2 = **>0 mAdc 

‘s 

-- 

55 

ns 

Fall Time 

V CC = 30V 


‘r 

-- 

35 

ns 


(1> Pulse Test: Pulse width = 300 /is, duty cycle = 2% 


2-532 
































































2N3506, 2N3507 (continued) 



2N3508 (SILICON) 

2n3509 

NPN silicon annular transistor for high-speed, low- 
current switching applications. 



CASE 26 

(TO-46) 

Collector connected to case 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

40 

Vdc 

Collector- Emitter Voltage 

V CES 

40 

Vdc 

Collector- Emitter Voltage 

V CEO 

20 

Vdc 

Emitter- Base Voltage 

V EB 

mm 

Vdc 

Collector Current (10 tis pulse) 

^(Peak) 

500 

mA 

Total Device Dissipation 
@ 25°C Ambient Temperature 

P D 

0.40 

Watt 

Derating Factor Above 25°C 


2.29 

mW/°C 

Total Device Dissipation 
@ 25°C Case Temperature 

p D 

2.0 

Watts 

Derating Factor Above 25°C 


11.43 

mW/°C 

Junction Temperature, Operating 

T J 

+ 200 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 

Thermal Resistance, Junction to Case 

«JC 

0. 438 

°C/mW 

Thermal Resistance, Junction to Ambient 

S JA 

0. 0875 

°C/mW 


2-533 












































2N3508, 2N3509 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector Cutoff Current 

^BO 



MAdc 

(V CB = 20 Vdc) 

Both Types 

■ 

0.2 


(V CB = 20 Vdc, ' 

r A = 150°C) 2N3508 



30 


2N3509 

■■11 

■ 

50 


Collector Cutoff Current 

*CEX 



MAdc 

(V CE - 20 Vdc, V EB(off) = 3 Vdc) 

— 

0.2 


Base Cutoff Current 

iBL 



MAdc 

| (V C£ = 20 Vdc, ' 

V E B(off) = 3 Vdc) | 

— 

0.5 


Collector-Base Breakdown Voltage 

bv cbo 



Vdc 

(Iq = 10 jiAdc, I B = 0) 

40 

— 


Emitter-Base Breakdown Voltage 

bv ebo 



Vdc 

(I E = 10 MAdc, Ic = 0) 


— 


Collector- Emitter Breakdown Voltage (D 

bv CE o 



Vdc 

| (I c = 10 mAdc) 



20 

— 


Collector- Emitter Voltage 

bv ces 



Vdc 

(I c = 10 ^Adc, I B = 0) 

40 

— 


Collector -Emitter Saturation Voltage (0 

v CE(sat) 


BB 

Vdc 

Gc = 10 mAdc, I B = 1 mAdc) 





(Ic * 100 mAdc, I B = 10 mAdc) 


— 

KEh 


Base- Emitter Saturation Voltage 

v BE(sat) 


BB 

Vdc 

(Ic = 10 mAdc, I R * 1 mAdc) 

0.70 



1 (I c = 100 mAdc, 

T b = 10 mAdc) j 


0.8 

BB 


DC Current Gain (D 

h FE 



__ _ 

(V = 10 mAdc, V CE = 1.0 Vdc) 2N3508 

40 

120 



2N3509 


100 

300 


Gc = 10 mAdc, V r „ =1.0 Vdc, T* - -55°C) 2N3508 


20 

— 



2N3509 


40 




1 (I c = 100 mAdc, V CE * 1.0 Vdc) 2N3508 


20 

— 




2N3509 | 


30 

— - 


1 Small-Signal Current Gain ! 

h,_ 





1 (Ic = 10 mAdc, 

V CE = 10 Vdc, f =100 MHz) j 


5.0 

— 


1 Output Capacitance j 

C ob 



pF 

(V CB = 5 Vdc, I 

£ = 0, f = 140 kHz) 

— 

4.0 


Input Capacitance 


c «. 



pF 

| (V B E = 1 Vdc, Ic = 0, f = 140 kHz) | 

— 

4.0 


Storage Time 


W 



ns 

«C = ] B1 = *B2 

= 10 mA) 

— 

13 


Turn-On Time 


*on 




| (Ic = 10 mA, I B1 = 3 mA, V cc = 3 V, V QB = 1.5 V) 

— 

12 


1 Turn-Off Time 


Wf 



ns 

Gc = 10 mA, I B1 = 3 mA, I B2 = 1.5 mA, V cc = 3 V) 

— 

18 


Total Control Charge 

Qt 



pC 

Gc = 10 mA, I B 

. = 1 mA, V cc = 3 V) 

— 

50 


Delay Time 

Vcc ’ 10 V, V EB - 2 V, 

mm 


5.0 

ns 


I c * 100 mA, I B1 = 10 mA 





Rise Time 

m 

— 

18 

iBb 

Storage Time 

v cc = i° v i 

* 

— 

13 

ns 


^ * 100 mA, I R1 * I R , * 10 mA 

BBHBI 




Fall Time 


B 

— 

15 

B 


(1) Pulse Test: PW = 300ms, Duty Cycle 2 2% 
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2n3510 (SILICON) 
2n3511 


2N3647 

2N3648 


NPN silicon annular transistors for high-speed satu- 
rated switching applications to 500 mA. 


CASE 27 

(TO-52) 



CASE 26 

(TO-46) 


Collector connected to case 

MAXIMUM RATINGS 


Rating 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current 


Total Device Dissipation @T A = 25°C 
Derating Factor Above 25°C 


Total Device Dissipation @ Tq = 25°C 
Derating Factor Above 25°C 


Junction Temperature, Operating 


Storage Temperature Range 





2N3510 

2N3511 

Unit 

2N3647 

2N3648 

40 

40 

Vdc 

10 

15 

Vdc 

6. 

0 

Vdc 

500 

mAdc 

TO-46 

T0-52 


2N3647 

2N3510 


2N3648 

2N3511 


400 

360 

mW 

2.28 

2.06 

mW/°C 

2.0 

1.2 

Watts 

11.43 

6.9 

mW/°C 

+ 200 

°c 

-65 to +200 

°c 



2-536 








































2N3510, 2N3511, 2N3647, 2N3648 (continued) 

ELECTRICAL CHARACTERISTICS (T* = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector Cutoff Current 


*CEX 



fiAdc 

(V CE - 10 Vdc, V EB(off) = 1 Vdc) 


| / 

.025 

(V CE = 10 Vdc, V EB(off) = 1 Vdc, T a = 150°C) ! 


B 

50 


Base Cutoff Current 


! bl 



/iAdc 

(V CE = 10 Vdc, V QB = 1 Vdc) 


— 

.025 

Collector-Base Breakdown Voltage 


bv cbo 



Vdc 

(IC = 10 /iAdc 

. I E - 0) 


40 

— 


Collector- Emitter Breakdown Voltage* 


bv ceo* 



Vdc 

(I c = 10 mAdc 


2N3510, 2N3647 

10 

— 


2N3511, 2N3648 


15 

— 


Emitter- Base Breakdown Voltage 


bv ebo 



Vdc 

(I E = 10 /iAdc, ^ = 0) 


6.0 

— 


Collector Saturation Voltage* 


V CE(sat) * 

UgKH 


Vdc 

(l£ = 10 mAdc 

, Ig = 1 mAdc) 
c, Ig = 15 mAdc) 

All Types 


0.25 


(Ic = 150 mAd 

All Types 



0.4 


(Ic = 300 mAdc, Ig = 30 mAdc) 

2N3510, 2N3647 



0.6 


(IC = 500 mAdc, Ig = 50 mAdc) 

2N3511, 2N3648 


1 1 

0.8 


Base- Emitter Saturation Voltage* 


V BE(sat)* 



Vdc 

(Ic = 10 mAdc, Ig = 1 mAdc) 

All Types 

— 

0.8 


(Ic = 150 mAdc, Ig = 15 mAdc) 

All Types 


0.8 

1.0 


(IC = 300 mAdc, Ig - 30 mAdc) 

2N3510, 2N3647 


— 

1.15 


(Ic = 500 mAdc, Ig = 50 mAdc) 

2N3511, 2N3648 


— 

1.5 


DC Current Gain* 


h FE* 





(IC = 1.0 mAdc, V CE = 1 Vdc) 

2N3510, 2N3647 

12 

— 




2N3511, 2N3648 


15 




(Ic = 10 mAdc 

, V CE = 1 Vdc) 

2N3510, 2N3647 


20 




2N3511, 2N3648 


25 




(IC = 150 mAdc, V CE = 1 Vdc) 

2N3510, 2N3647 


25 

150 




2N3511 , 2N3648 


30 

120 


(Ic = 150 mAdc, V CE = 1 Vdc, TA = - 

55°C) 2N3511, 2N3648 


12 

— 


(Ic = 300 mAdc, V^ E = 1 Vdc) 

2N3510, 2N3647 


15 




(IC = 500 mAdc, V CE = 1 Vdc) 

2N3511, 2N3648 


12 

— 


Output Capacitance 


Cob 



pF 

(V C g = 10 Vdc, I E = 0, f = 100 kHz) 


— 

4.0 

Input Capacitance 


C ib 



pF 

(Vg E = 0.5 Vdc, Ic = 0, f = 100 kHz) 


— 

8.0 

Small Signal Current Gain 


mmggmm 

mm 


— 

(Ic = 15 mAdc 

, V CE * 10 Vdc, f = 100 mhz) 2N3510, 2N3647 



— 



2N3511. 2N3648 


KSfl 

— 


Delay Time 

(I c = 150 mA, 

Igl = 15 mA, 

Veb = °* 5 v > 

2N3510, 2N3647 

2N3511, 2N3648 


__ 

10 

8.0 

ns 

Rise Time 

2N3510, 2N3647 

2N3511, 2N3648 

4 r 

— 

12 

10 

ns 

Turn-On Time 

V CC “ 6 v ) 

2N3510, 2N3647 

2N3511, 2N3648 

^on 

— 

20 

16 

ns 

Storage Time 

(I c ■ 150 mA, 

%l = _1 B2 = 15 mA > 
V CC = 6 V) 

2N3510, 2N3647 

2N3511, 2N3648 

fc s 



16 

12 

ns 

Fall Time 

2N3510, 2N3647 

2N3511, 2N3648 

tf 



12 

8.0 

ns 

Turn-Off Time 


■iiHilHI 

t off 

— 

25 

18 

ns 

Total Control Charge 


q t 



pC 

(Ic - 150 mA, 

I B = 15 mA, V cc = 6 V) 

— 

300 


Small Signal Current Gain 


hfe 




(I c ■« 1 mA, V C£ = 10 V, f = 1 kHz) 



20 

150 


Voltage Feedback Ratio 


^re 



ms 

(Ic - 1 mA, V CE = 10 V, f = 1 kHz) 


— 

25 

DM 

Input Impedance 



hie 



kohms 

(Ic = 1 mA, V CE = 10 V, f = 1 kHz) 



0.6 

4.5 


Output Admittance 


hoe 



4 mhos 

(I c = 1 mA, V CE = 10 V, f = 1 kHz) 


10 

100 



* Pulse Test: PW s 300 ps, Duty Cycle < 2% 
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h FE . MINIMUM CURRENT GAIN 


2N3510, 2N351 1, 2N3647, 2N3648 (continued) 


MINIMUM CURRENT GAIN CHARACTERISTICS 



1 2 3 5 7 10 20 30 50 70 100 200 300 500 

l c . COLLECTOR CURRENT (mA) 



1 2 3 5 7 10 20 30 50 70 100 200 300 500 


l c . COLLECTOR CURRENT (mA) 
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2n3544 (SILICON) 



Collector connected to case 

MAXIMUM RATINGS 


NPN silicon annular transistor for VHF and UHF 
oscillator applications. 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

25 

Vdc 

Collector- Emitter Voltage 

v 

V CES 

25 

Vdc 

Emitter -Base Voltage 

V EB 

3.0 

Vdc 

Collector Current 

l c 

100 

mA 

Power Dissipation @ = 25° C 

Derate above 25° C 

Pd 

400 

2.67 

mW 

mW/°C 

Power Dissipation @ = 25° C 

Derate above 25° C 

P D 

300 

2.0 

mW 

mW/°C 

Junction Temperature 

T J 

+175 

°c 

Storage Temperature Range 

T stg 

-65 to +175 

o 

o 


TEST CIRCUIT 



2. ADJUST V tE FOR l c = 12 mAdc. 

3. SET ADJUSTABLE LINE FOR 
MAXIMUM POWER OUTPUT. 


2-539 





































2N3544 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted) 


Characteristic 

Symbol 

Conditions 

Min 

Typ 

j^jl 

Unit 

Collector -Base 

Breakdown Voltage 

bv cbo 

I c = 10 /iAdc, Ig = 0 

25 

30 


Vdc 

Collector- Emitter 

Breakdown Voltage 

bv ces 

I c = 10 mA, v be =o 

25 

30 

B 

Vdc 

Collector Cutoff Current 

l§9 

V CB = 15VdC > l R m0 


0.01 

D 

/xAdc 

Emitter Cutoff Current 

^BO 

| 

-- 

0.1 

m 

/iAdc 

DC Current Gain 

h FE 

V CE = 10 Vdc, I c =10 mAdc 

25 

50 

B 

i 

i 


AC Current Gain 

l h fel 

V n - = 10 Vdc, 1^ =10 mAdc, 

^ u f = 100 MHz 

Hi 

9.0 

15 

1 

* 

Collector Output Capacitance 

C ob 

IKhHHHKCB£ESiS3 

B 

B 

BPS 

pF 

Collector -Base Time Constant 

R9 

mRmasmim 

B 

B 

m 

ps 


Oscillator Power Output 

p . 
out 


10 

16 

B 

mW 


2-540 




















































2n3546 (SILICON) 



PNP silicon annular transistor for 
speed switching applications. 


low-level, high- 


Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

v 

V CB 

15 

Vdc 

Collector- Emitter Voltage 

V CEO 

12 

Vdc 

Emitter -Base Voltage 

v 

EB 

4.5 

Vdc 

Total Device Dissipation @ T A = 25° C 

p n 

0.36 

Watt 

Derate above 25 °C 

u 

2.06 

mW/°C 

Total Device Dissipation @ T c = 25° C 

P D 

1.2 

Watts 

Derate above 25° C 

D 

6.9 

mW/°C 

Operating Junction Temperature 

T J 

200 

o 

o 

Storage Temperature Range 

T stg 

-65 to +200 

°c 

Thermal Resistance, Junction to Ambient 

«JA 

0. 49 

°C/mW 

Thermal Resistance, Junction to Case 

e jc 

0.15 

°C/mW 


2-541 





































2N3546 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°c unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector Cutoff Current 
(V = 10 Vdc) 

! cbo 

-- 

0.010 

MAdc 

(V CB = 10Vdc, ' 

T A = 150°C) 


-- 

10 


Collector Cutoff Current 

(V CE = 10 Vdc, V BE(off) = 3 Vdc) 

X CEX 

S 

0.010 

MAdc 

Base Cutoff Current 

(V CE = 10 Vdc - 

V BE(ofO =3VdC > 

*bl 

H 

0.10 

MAdc 

Collector-Base Breakdown Voltage 
(I c = 10 M Adc, I E = 0) 

bv cbo 

15 

- 

Vdc 

Emitter -Base Breakdown Voltage 
(I E = 10 MAdc, I c = 0) 

bv ebo 

D 

- 


Collector-Emitter Breakdown Voltage 
! (I c = 10 mAdc, I B = 0) 

bv ceo 

12 

- 

Vdc 

Collector Saturation Voltage W 
(I c = 10 mAdc, I R = 1 mAdc) 

V CE(sat) 

B 

0. 15 

Vdc 

(I c = 50 mAdc, I 

B = 5 mAdc) 





(I„ = 100 mAdc, 

1 

I B = 10 mAdc) 


B 



Base-Emitter Saturation Voltage 
(I c = 10 mAdc, I fi = 1 mAdc) 

V BE(sat) 

0.7 

0.9 

Vdc 

(I c = 50 mAdc, I 

B = 5 mAdc) 


0.8 

1.3 


<I C = 100 mAdc, 

I B = 10 mAdc) 


-- 

1.6 


DC Current Gain 
(I c = 1.0 mAdc, 

V CE = 1 Vdc) 

h FE 

20 

-- 


; (I c = 10 mAdc, 1 

' C E * 1 Vdc) 


30 

120 


(Ig = 10 mAdc, \ 

f c = 1 Vdc, T. = -55“C) 


15 

- 


dg = 50 mAdc, } 

' CE * 1 Vdc > 


25 



(I c = 100 mAdc, 

V CE = lVdc) 


15 

— 


Output Capacitance 

(V CB = 10 Vdc, I E = °» i - 1 M Hz) 

C ob 

- 

6.0 

pF 

Input Capacitance 
(V be = 0. 5 Vdc, 

I c = 0, f = 1 MHz) 

c lb 

- 

5.0 

pF 

Current- Gain - Bandwidth Product 

(I c = 10 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

700 

- 

MHz 

Total Control Charge 

(I c « 50 mA, I B = 5 mA, V cc = 3 V) 

q t 

- 

400 

pC 

Delay Time 

Ig = 50 mA, Igj = 5mA, 

‘d 

-- 

10 

ns 

Rise Time 

V BE * 2 V - V CC * 3 V 

‘r 

-- 

15 

ns 

Storage Time 

I c « 50 mA, Igj = Ig 2 = 5 mA, 

‘s 

-- 

20 

ns 

Fall Time 

v cc ■ 3 V 

‘f 

-- 

15 

ns 

Turn-On Time 

(See Figure 3,4,5,) 

‘on 


40 

ns 

Turn-Off Time 

‘off 

— 

30 

ns 


(1, Pulse Test: PW * 300 ms, Duty Cycle < 2% 
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V, Mt)l SATURATION VOLTAGE (VOLTS) 


2N3546 (continued) 


FIGURE 1 


FIGURE 2 


LIMITS OF SATURATION VOLTAGES 




10 20 30 50 70 100 


l c , COLLECTOR CURRENT (mA) 


FIGURE 3 

DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


-3 V 



FIGURE 4 

STORAGE AND FALL TIME 
EQUIVALENT^ CIRCUIT 



FIGURE 5 

SWITCHING TIME TEST CIRCUIT 

Vm -2V 



PULSE WIDTH > 200 ns 
RISE TIME < Ins 

Zte«50o 


PULSE WIDTH -200 ns 
RISE TIME ^2 ns 
DUTY CYCLE ^ 10% 


PULSE WIDTH = 200 ns 
RISE TIME ^2 ns 
DUTY CYCLE ^ 10% 


taa : V BB ' = +3 V, V te = — 7 V 
U ’ V BB = _4V * Vta=+6V 


•OSCILLOSCOPE RISE TIME Ins 


FIGURE 6 


MINIMUM CURRENT GAIN CHARACTERISTICS 
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2N3553 (SILICON) 


For Specifications, See 2N3375 Data. 
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2n361 1 thru 2N 3614 (GERMANIUM) PNP germanium power transistors 

for switching and amplifier applications. 


For units with solder lugs attached, specify 
device MP3611 etc. (TO-41 package) 


MAXIMUM RATINGS 




CASE 11 

(TO-3) 

CASE 4-04 

(TO-41) 


Rating 

Symbol 

yMjy 

2N3612 

2143614 

Unit 

Collector- Emitter Voltage 

V CES 

30 

45 

Vdc 

Collector- Emitter Voltage (Open Base) 


25 


mam 

Collector-Base Voltage 

V CB 

40 

60 

Vdc 

Emitter -Base Voltage 

V EB 

20 

30 

Vdc 

Collector Current (Continuous) 

*c 

7. 

0 

Adc 

Peak Collector Current (PW ^ 5 msec) 

k: 

15 

Adc 

Base Current (Continuous) 

l B 

2. 

0 

Adc 

Storage Temperature Range 

T stg 

-65 to +110 

°c 

Operating Case Temperature Range 

T C 

-65 to +110 

°c 

Total Device Dissipation @ T c = 25°C 

P D 

77 

Watts 

Derate above T c = 25°C 


1.0 

W/°C 

Thermal Resistance, Junction to Case 

6 JC 

1.1 

°C/W 

Thermal Resistance, Case to Ambient 

#CA 

32.7 

°C/W 


SAFE OPERATING AREAS 




The Safe Operating Area Curves indicate 
!c‘Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for specific 
circuits must fall within the applicable Safe Area to 
avoid causing a collector-emitter short. (Case tempera- 
ture and duty cycle of the excursions make no signifi- 
cant change in these safe areas.) The load line may 
exceed the BV CES voltage limit only if the collector 


current has been reduced to 20 mA or less before or 
at the BV rES limit; then and only then may the load 
line be extended to the absolute maximum voltage rat- 
ing of BV eB0 . To insure operation below the maximum 
Tj, the power-temperature derating curve must be ob- 
served for both steady state and pulse power condi- 
tions. 
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2N361 1 thru 2N3614 (continued) 

ELECTRICAL CHARACTERISTICS 


Characteristics 

Symbol 

Min 

Max 

Unit 

Collector-Emitter Breakdown Voltage* 


BV * 

CV CES 



Vdc 

(I c = 250 mAdc) 

2N3611, 2N3613 

30 

— 



2N3612, 2N3614 


45 

- 


Collector -Emitter Breakdown Voltage* 


BV * 

CEO 



Vdc 

(I c = 500 mAdc) 

2N3611, 2N3613 

25 

— 



2N3612, 2N3614 


35 

- 


Floating Potential 


v 

EBF 



Vdc 

< V CB= V CB maX > 


— 

1.0 


Collector-Emitter Leakage Current 


r CEO 



mAdc 

(V CE = 1/2 V ceO max ^ 



30 


Collector-Emitter Leakage Current 


J CEX 




(V CE' V CE m “> V BE = 1 ' 0Vd °> T C = 

+100° C) 

- 

10 



Collector -Base Cutoff Current 


! cbo 



mAdc 

(V CB =2Vdc) 


-- 

.040 


(V CB = 25 Vdc) 

2N3611 , 2N3613 


- 

0.5 


( y CB = 40 Vdc ) 

2N3612, 2N3614 


- 

0.5 


< V CB =V CB miUt > 



- ' 

5.0 


Emitter -Base Cutoff Current 


! ebo 



juAdc 

(V EB = V EB max) 



500 

Collector-Emitter Saturation Voltage 


V CE(sat) 



Vdc 

(I c = 3 Adc, I 0 = 300 mAdc) 


- 

0.25 


(I c = 7 Adc, I B = 700 mAdc) 



- 

0.35 


Base -Emitter Saturation Voltage 


V BE(sat) 



Vdc 

(I c = 3 Adc, = 300 mAdc) 

2N3611, 2N3612 

- 

0.7 


2N3613, 2N3614 



0.6 


(I c = 7 Adc, I B = 700. mAdc) 

2N3611, 2N3612 


- 

1.1 


2N3613, 2N3614 


- 

0.9 


Transconductance 


g FE 




(I c = 3 Adc, V CE = 2 Vdc) 

2N3611 , 2N3612 

3.0 

— 


2N3613, 2N3614 


3.5 

— 


Small Signal Current Gain 


K 

ie 



_ 

(I c = 0. 5 A, V CE = 12 V, f = 20 kHz ) 


15 

- 


(I c = 0. 5 A, V CE = 2 V, f = 1 kHz ) 

2N3611, 2N3612 


40 

100 


2N3613, 2N3614 


60 

150 


DC Current Gain 


h FE 

i 



_ 

(I c = 3 Adc, V CE = 2 Vdc) 

2N3611, 2N3612 

35 

70 


2N3613, 2N3614 

I 

60 

120 


<I C = 7 Adc, V CE = 2 Vdc) 

2N3611, 2N3612 


20 

- 


2N3613, 2N3614 


30 

— 



♦Sweep Test: 1/2 sine wave, 60 Hz 


POWER-TEMPERATURE DERATING CURVE 


These transistors are 
also subject to safe area 
curves. Both limits are 
applicable and must be 
observed. 



TEMPERATURE (°C) 
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Vct{»*t), COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) h FE , DC CURRENT GAIN lc, COLLECTOR CURRENT (AMP) 


2N3611 thru 2N3614 (continued) 


COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE 




0 0.2 0.4 0.6 0.8 1.0 


0.3 0.5 0.7 1.0 2.0 3.0 5.0 6.0 


Vbe, BASE-EMITTER VOLTAGE (VOLTS) 


lc, COLLECTOR CURRENT (AMP) 


DC CURRENT GAIN versus COLLECTOR CURRENT 




5 7 10 20 30 50 70 100 200 300 500 700 1000 2000 

Ib, BASE CURRENT (mA) 
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2n3615 thru 2n3618 (GERMANIUM) 

PNP germanium power transistors for switching and 
amplifier applications. 



MAXIMUM RATINGS 


Rating 

Symbol 

2N3615 

2N3617 

2N3616 

2N3618 

Unit 

Collector- Emitter Voltage 

V CES 

60 

75 

Vdc 

Collector- Emitter Voltage 
(Open Base) 

V CEO 

50 

60 

Vdc 

Collector- Base Voltage 

V CB 

80 

100 

Vdc 

Emitter-Base Voltage 

V EB 

40 

50 

Vdc 

Collector Current (Continuous) 

X C 

7.0 

Adc 

Peak Collector Current 
(PW S 5 msec) 

X C 

15 

Adc 

Base Current (Continuous) 

*B 

2.0 

Adc 

Storage Temperature 

T stg 

-65 to + 110 

°C 

Operating Case Temperature 

T C 

-65 to + 110 

°c 

Total Device Dissipation 
@T C = 25°C 

Derate above 25°C 

P D 

77 

1.0 

Watts 

w/°c 

Thermal Resistance, 

Junction to Case 

0JC 

1.0 

°c/w 

Thermal Resistance, 

Case to Ambient 

9 CA 

32.7 

°c/w 


I 



0 25 50 75 100 110 125 

TEMPERATURE (°<3 

These transistors are also subject to safe area curves. 

Both limits are applicable and must be observed. 
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2N3615 thru 2N3618 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector-Emitter Breakdown Voltage* 



BV * 

V CES 



Vdc 

(1^ = 250 mAdc) 

2N3615, 

2N3617 

60 

- 



2N3616, 

2N3618 


75 

- 


Collector-Emitter Breakdown Voltage* 



BV * 

15 V CEO 



Vdc 

(L-, = 300 mAdc) 

2N3615, 

2N3617 

50 

~ 



2N3616, 

2N3618 


60 



Floating Potential 
(V CB = V CB max) 

v 

V EBF 

- 

1. 0 

Vdc 

Collector-Emitter Leakage Current 



y 


30 

mAdc 

(V CE = 1/2 V CEO max) 



CEO 

- 

Collector-Emitter Leakage Current 



*CEX 



mAdc 

( V CE = V CE max > V bE = 10 Vdc ’ T C = +100 ° C > 



- 

10 


Collector-Base Cutoff Current 



7 



mAdc 

(V CB = 2.0 Vdc) 



CBO 

- 

0.060 


(V CB = 55 Vdc) 

2N3615, 

2N3617 


- 

1.0 


(V CB = 65 Vdc) 

2N3616, 

2N3618 


- 

1.0 


(V CB = V CB max) 




- 

5.0 


Emitter-Base Cutoff Current 



^BO 



/i Adc 

^ V EB = V EB maX ^ 

(V eb = 12 vdc > 



- 

500 



Collector-Emitter Saturation Voltage 



V CE(sat) 



Vdc 

(I c = 3.0 Adc, I B = 300 mAdc) 



- 

0.25 


(I c = 7.0 Adc, Ig = 700 mAdc) 




' - 

0.35 


Base Emitter Saturation Voltage 



V BE(sat) 



Vdc 

(L, = 3. 0 Adc, = 300 mAdc) 

L B 

2N3615, 

2N3616 

- 

0.7 


2N3617, 

2N3618 


- 

0.6 


(I c = 7.0 Adc, I B = 700 mAdc) 

2N3615, 

2N3616 


- 

1. 1 


2N3617, 

2N3618 


- 

0.9 


Trans conductance 



g FE 



mhos 

(I c = 3.0 A, V CE = 2.0 V) 

2N3615, 

2N3616 

3.0 

- 


2N3617, 

2N3618 


3. 5 

- 


Small Signal Current Gain 



h- 

fe 



- 

(I c = 0. 5 A, V CE = 12 V, f = 20 kHz ) 



15 

- 


(I c = 0. 5 A, V CE = 2. 0 V, f = 1. 0 kHz ) 

2N3615, 

2N3616 


40 

100 


2N3617, 

2N3618 


60 

150 


DC Current Gain 



h FE 



- 

(I c = 3.0 Adc, V CE = 2.0 Vdc) 

2N3615, 

2N3616 

30 

60 


2N3617, 

2N3618 


45 

90 


(I c = 7.0 Adc, V CE = 2.0 Vdc) 

2N3615, 

2N3616 


20 

- 


2N3617, 

2N3618 


30 

- 


Current-Gain- Bandwidth Product 



f T 

Typ 

kHz 

(I c = 0. 5 Adc, V CE = 2.0 Vdc) 




600 



♦Sweep Test: 1/2 sine wave, 60 Hz 
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2N3615 thru 2N3618 (continued) 


SAFE OPERATING AREAS 


2N361 5 and 2N361 7 2N361 6 and 2N361 8 




NOTE The Safe Operating Area Curves indicate 
Ic-Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for specific 
circuits must fall within the applicable Safe Area to 
avoid causing a collector-emitter short. (Case tempera- 
ture and duty cycle of the excursions make no signifi- 
cant change in these safe areas.) The load line may 
exceed the BV CES voltage limit only if the collector 


current has been reduced to 20 mA or less before or 
at the BV ces limit; then and only then may the load 
line be extended to the absolute maximum voltage rat- 
ing of BV cbo . To insure operation below the maximum 
Tj, the power-temperature derating curve must be ob- 
served for both steady state and pulse power condi- 
tions. 



0.01 0.015 0.02 0.03 0.05 0.1 0.15 0.2 0.3 0.5 1.0 1.5 2.0 3.0 5.0 10.0 

Ic. COLLECTOR CURRENT (AMP) 



Is. BASE CURRENT (mA) 
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SWITCHING TIMES ( /xs) 'c. COLLECTOR CURRENT (AMP) 


2N3615 thru 2N3618 (continued) 


COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE BASE CURRENT versus BASE-EMITTER VOLTAGE 



0 0.2 0.4 0.6 0.8 1.0 0 0 1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

V BE , BASE-EMITTER VOLTAGE (VOLTS) V BE , BASE-EMITTER VOLTAGE (VOLTS) 


NOTE 1 — Dotted line indicates Metered Base Current plus the I CBO of the transistor at 100°C. 


COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE 



lc, COLLECTOR CURRENT (AMP) V 8E , BASE-EMITTER VOLTAGE (VOLTS) 
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C, CAPACITANCE (pF ) 


2n3632 


For Specifications, See 2N3375 Data. 


2n3634 thru 2N3637 (SILICON) 

JAN, JTX AVAILABLE 



Collector connected to case 


PNP silicon annular transistors for high-voltage 
switching and low-power amplifier applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N3634 

2N3635 

2N3636 

2N3637 

Unit 

Collector -Emitter Voltage 

v 

CEO 

140 

175 

Vdc 

Collector -Base Voltage 

V CB 

140 

175 

Vdc 

Emitter-Base Voltage 

V EB 

5 

0 

Vdc 

Collector Current 

X C 

1 

0 

Adc 

Total Device Dissipation @ = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 

, 


5. 

71 

mW/°C 

Total Device Dissipation @ T^, = 25°C 

P D 

5 

0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Operating and Storage Junction Temperature Range 

T j > T stg 

-65 to +200 

°C 


FIGURE 1 — JUNCTION CAPACITANCE VARIATIONS 



FIGURE 2 — GAIN-BANDWIDTH PRODUCT 



2-552 






2N3634 thru 2N3637 (continued) 


ELECTRICAL CHARACTERISTICS <t a = 25 °C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(I =10 mAdc, I = 0) 2N3634, 2N3635 

2N3636, 2N3637 

“ 

bv ceo 

140 

175 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I p = 100 pAdc, I„ = 0) 2N3634, 2N3635 

2N3636, 2N3637 

' 

bv cbo 

140 

175 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 10 pAdc, I c = 0) 

- 

bv ebo 

5.0 


Vdc 

Collector Cutoff Current 
(V CB = 100 Vdc, I E = 0) 

- 

X CBO 

- 

100 

nAdc 

Emitter Cutoff Current 
(V BE =3.0 Vdc, I c =0) 

- 

*EBO 

- 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain (D 



3,4,5, 6 

h FE 



_ 

(I c = 0. 1 mAdc, V CE = 10 Vdc) 

2N3634, 

2N3636 

40- 

- 


2N3635, 

2N3637 



80 

- 


(I 0 = 1.0 mAdc, V„ = 10 Vdc) 

2N3634, 

2N3636 



45 

- 


2N3635, 

2N3637 



90 

- 


(I c = 10 mAdc, V CE = 10 Vdc) 

2N3634, 

2N3636 



50 

- 


2N3635, 

2N3637 



100 

- 


(I c = 50 mAdc, V CE = 10 Vdc) 

2N3634, 

2N3636 



50 

150 


2N3635, 

2N3637 



100 

300 


(I c = 150 mAdc, V CE = 10 Vdc) 

2N3634, 

2N3636 



25 

- 


2N3635, 

2N3637 



50 

- 


Collector -Emitter Saturation Voltage (1) 



11, 12 

V CE(sat) 



Vdc 

(Ip = 10 mAdc, Ig = 1.0 mAdc) 




- 

0.3 


(Ip = 50 mAdc, I B = 5. 0 mAdc) 





- 

0.5 


Base- Emitter Saturation Voltage d) 



11,12 

^BE (sat) 



Vdc 

(Ip = 10 mAdc, Ig = 1. 0 mAdc) 




- 

0.8 


(I„ = 50 mAdc, I„ =5.0 mAdc) 

Ku D 





0.65 

0.9 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(V = 30 Vdc, I r = 30 mAdc, f = 100 MHz) 

° 2N3634, 2N3636 

2N3635, 2N3637 

2 

f T 

150 

200 

- 

MHz 

Output Capacitance 
(V CB = 20 Vdc, I E = 0, f = 100 kHz) 

1 

C ob 

- 

10 

pF 

Input Capacitance 

(V be = 1. 0 Vdc, Ip = 0, f = 100 kHz) 

1 

c ib 

- 

75 

pF 

Input Impedance 

(Ip = 10 mAdc, V = 10 Vdc, f = 1. 0 kHz) 

^ ^ 2N3634, 2N3636 

2N3635, 2N3637 

7 

h ie 

100 

200 

600 

1200 

ohms 

Voltage Feedback Ratio 
(Ip = 10 mAdc, Vp E = 10 Vdc, f = 1. 0 kHz) 

10 

h re 

- 

3.0 

x io - 4 

Small-Signal Current Gain 
(Ip = 10 mAdc, V = 10 Vdc, f = 1. 0 kHz) 

2N3634, 2N3636 j 
2N3635, 2N3637 

9 

h fe 

40 

80 

160 

320 


Output Admittance 

(Ip = 10 mAdc, Vp E = 10 Vdc, f = 1. 0 kHz) 

8 

h oe 

- 

200 

pmhos 

Noise Figure 

(Ip = 0. 5 mAdc, Vp E = 10 Vdc, R g = 1. 0 k ohms, 
f = 1.0 kHz) 


NF 

- 

3.0 

dB 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vpp = 100 Vdc, Vg E = 4.0 Vdc, 

13,14 

t 

on 

- 

400 

ns 

Turn-Off Time 

Ip = 50 mAdc, I R1 = Ig 2 =5.0 mAdc) 

13, 15 

t off 

- 

600 

ns 


(1) Pulse Test: Pulse Width S 300 /js, Duty Cycle % 2.0%. 
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NORMALIZED DC CURRENT GAIN 


2N3634 thru 2N3637 (continued) 


FIGURE 3 — CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 




FIGURE 4— CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 
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2N3634 thru 2N3637 (continued) 


FIGURE 11 —SATURATION VOLTAGES FIGURE 12 — TEMPERATURE COEFFICIENTS 




FIGURE 13— SWITCHING TIME TEST CIRCUIT 


P.W.*20fis 
DUTY CYCLE ^2% 
RISE TIME 20 ns 



v mM 

V mi „ 

TURN-ON 

TURN-OFF 

+4.0 V 
+4.1 V 

-5.65 V 
-5.9 V 




1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

l c , COLLECTOR CURRENT <mA) 


FIGURE 1 5 — TURN OFF TIME VARIATIONS WITH CIRCUIT GAIN 



2N 3647 (SILICON) 
2n3648 


For Specifications, See 2N3510 Data. 
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2n3712 (SILICON) 



NPN silicon annular transistor designed for high- 
voltage DC to VHF amplifier applications. 


CASE 31 

(TO-5) 

Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

v CEO 

150 

Vdc 

Collector-Base Voltage 

V 

V CB 

150 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 

: c 

200 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 

5.71 

mW/°C 

Total Device Dissipation @ T^ = 25°C 

P D 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +200 

°C 
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2N3712 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25®C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage W 

bv ceo 



Vdc 

(I c = 30 mAdc, I B = 0) 

150 

- 


Collector-Base Breakdown Voltage 

bv cbo 



Vdc 

(I c = 100 juAdc, I E = 0) 

150 

- 


Emitter-Base Breakdown Voltage 

bv ebo 



Vdc 

(I E = 100 pAdc, I c = 0) 

5.0 

- 


Collector Cutoff Current 

^BO 



pAdc 

(V CB = 75 Vdc, I E = 0) 

- 

0.1 


(V CB = 75 Vdc, I £ = 0, T a = 150°C) 


- 

50 


Emitter Cutoff Current 

! ebo 



pAdc 

(V BE = 4. 0 Vdc, I c = 0) 

- 

0.1 



ON CHARACTERISTICS 


DC Current Gain ^ 

(I c = 10 mAdc, V CE = 10 Vdc) 

(I c = 30 mAdc, V CE = 10 Vdc) 

h FE 

25 

30 

150 


Collector-Emitter Saturation Voltage (1) 

(1^ = 50 mAdc, Ig = 5. 0 mAdc) 

V CE(sat) 

- 

2.0 

Vdc 

Base-Emitter Saturation Voltage m 
(I c = 50 mAdc, Ig = 5. 0 mAdc) 

V BE(sat) 

- 

0.9 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c = 30 mAdc, V CE = 10 Vdc, f = 20 MHz) 

f T 

40 

240 

MHz 

Output Capacitance 
(V CB = 20 Vdc, I E = 0, f = 1. 0 MHz) 

C ob 

1.0 

9.0 

pF 

Input Capacitance 

(Vg E = 0. 5 Vdc, I c = 0, f = 1. 0 MHz) 

c ib 

- 

80 

pF 

Small-Signal Current Gain 
(I c = 30 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

h fe 

25 

- 

- 

Collector -Base Time Constant 
(I E = 30 mAdc, V CB = 10 Vdc, f = 31.9 MHz) 

V C c 

- 

100 

ps 


H) Pulse Test: Pulse Width s 300 /us, Duty Cycle = 2.0%. 
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2n3713 thru 2n3716 (SILICON) 



Rating 

Symbol 

Collector- Base Voltage 

V CB 

Collector- Emitter Voltage 

v CEO 

Emitter-Base Voltage 

V EB 

Collector Current 


Base Current 

*B 

Power Dissipation 

P D 

Thermal Resistance 

e JC 

Operating Junction and 

Tj and 

Storage Temperature Range 

T stg 



-65 to +200 

















































2N3713 thru 2N3716 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Types 

Symbol 

Min 

Max 

Unit 

Emitter-Base Cutoff Current 


X EBO 




mAdc 

(V EB = 7 Vdc) 




5.0 


Collector- Emitter Cutoff Current 


*cex 




mAdc 

( V C£ = 80 Vdc » V BE = - 1 - 5 Vdc ) 

2N3713, 2N3715 


I 

1.0 


(V CE = 100 Vdc, V B£ «= -1.5 Vdc) 

2N3714, 2N3716 



I 

1.0 


(V re = 60 Vdc, V nir = -1.5 Vdc, T r - 150°C) 

2N3713, 2N3715 



I 

10 


(V CE =80 Vdc, V B£ = -1.5 Vdc, T c = 150°C) 

2N3714, 2N3716 



1 

10 


Collector-Emitter Sustaining Voltage* 


V CEO(sus)* 

60 



Vdc 

- 200 mAdc, I B = 0) 

2N3713, 2N3715 


— . 


2N3714, 2N3716 


80 


— 


DC Current Gain* 


h FE* 



90 

— 

(IC = 1 Adc, V C E = 2 Vdc) 

2N3713, 2N3714 

25 



2N3715, 2N3716 


50 


150 


(1^ = 3 Adc, V C£ = 2 Vdc) 

2N3713, 2N3714 


15 


— 


2N3715, 2N3716 


30 




Collector- Emitter Saturation Voltage * 


V CE(sat) * 




Vdc 

(I c = 5 Adc, I B = 0.5 Adc) 

2N3713, 2N3714 

— 


1.0 


2N3715, 2N3716 


— 


0.8 


Base- Emitter Saturation Voltage* 


v BE(sat) * 

| 


2.0 

Vdc 

(Ic = 5 Adc, I B = 0.5 Adc) 

2N3713, 2N3714 




2N3715, 2N3716 




1.5 


Base- Emitter Voltage* 


V BE* 



1.5 

Vdc 

(Ic = 3 Adc, V CE = 2 Vdc) 



— 



Small Signal Current Gain 


*fe 




— 

(Vce = 10 vdc > *c = °* 5 Adc > f = 1 MHz ^ 


4.0 


— 


Switching Times 




Typ 

4S 

(I c =5A,I b1 = I M =0.5 A) 

Rise Time 








t r 


0.45 


Storage Time 


*s 


0.3 


Fall Time 





0.4 



♦Use sweep test to prevent overheating 

COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 



BASE EMITTER SATURATION VOLTAGE VARIATIONS 



l B , BASE CURRENT (mA) 
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3 0.5 0.7 1.0 

l c , COLLECTOR CURRENT (AMP) 




fr. CURRENT GAIN - BANDWIDTH PRODUCT (MHz) hFE ’ CURRENT GAIN ^ CURRENT ^in 


2N3713 thru 2N3716 (continued) 


CURRENT GAIN VARIATIONS 



l c , COLLECTOR CURRENT (AMP) 


CURRENT-GAIN— BANDWIDTH PRODUCT versus COLLECTOR CURRENT 



l c , COLLECTOR CURRENT (AMP) 
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2n3719 (SILICON) 

2n3720 



MAXIMUM RATINGS 


PNP silicon annular power transistors for high- 
speed, high-current switching in core, driver and 
Class C power applications. 


Rating 

Symbol 

2N3719 

2N3720 

Unit 

Collector -Base Voltage 

V CB 

40 

60 

Volts 

Collector- Emitter Voltage 

v CEO 

40 

60 

Volts 

Emitter -Base Voltage 



4.0 

Volts 

Collector Current— Continuous 


3.0 

3.0 

Amp 

Collector Current— Peak 


10 

10 

Amp 

Base Current 

% 

0.5 

0.5 

Amp 

Total Device Dissipation @ T A = 25°C 

— 

1.0 

Watt 

Derate above 25°C 

■■ 

5.72 

mW/°C 

Total Device Dissipation® T q = 25°C 

P D 

6 . 

0 

Watts 

Derate above 25°C 


34.3 

mW/°C 

Operating Junction and Storage 

Tj and 

-65 to +200 

°C 

Temperature Range 

T stg 





SAFE OPERATING AREAS 

2N3719 2N3720 
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2N3719 and 2N3720 (continued) 


ELECTRICAL CHARACTERISTICS <T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector Leakage Current 
(V CE = 40 Vdc, V B e = 2 Vdc) 

2N3719 

X CEX 

— 

10 

U Adc 

(V CE = 60 Vdc, V BE = 2 Vdc) 

2N3720 


— 

10 


Collector-Base Cutoff Current 
(V CB = 40 Vdc, I E ^ 0, T A = 25°C) 

2N3719 

X CBO 

— 

0.010 

mAdc 

(V CB = 40 Vdc, I E = 0, T A = 150°C) 

2N3719 


— 

1.0 


(V CB = 60 Vdc, I E = 0, T a = 25°C) 

2N3720 


— 

0.010 


(V CB = 60 Vdc, I E = 0, T a = 150°C) 

2N3720 


— 

1.0 


Emitter-Base Cutoff Current 
(V BE = 4 Vdc, I c = 0) 

X EBO 


1.0 

mAdc 

DC Current Gain 

(IC = 500 mA, V CE = 1.5 V, T A = 25°C) 


h FE 

20 

— 

— 

(I c = 1 A, V CE = 1.5 V, T A = 25°C) 



25 

180 


(I C = 1 A, V CE = 1.5 V, T a = -40°C) 



15 

— 


Collector- Emitter Saturation Voltage H) 

(I c = 1 A, I B = 100 mA, T a = -40 to + 100°C 


v CE(sat) 



0.75 

Volts 

(I C = 3 A, I B = 300 mA, T A = 25°C) 



— 

1.5 


Base- Emitter Saturation Voltage’ 

(I C = 1 A, I B = 100 mA) 


V BE(sat) 



1.5 

Volts 

(% = 3 A, I B = 300 mA) 



— 

2.3 


Collector- Emitter Breakdown Voltage HI 
(Ic = 20 mA, I B = 0) 

2N3719 

bv ceo 

40 



Volts 


2N3720 


60 

— 


Collector Output Capacitance 
(V CB = 10 Vdc, I £ = 0, f = 100 kHz) 

C ob 

— 

120 

pF 

Input Capacitance 

( V Bg = 0.5 Vdc, Iq = 0, f = 100 kHz) 

c lb 

— 

1000 

pF 

Current- Gain — Bandwidth Product 
(V CE = 10 Vdc, Ic = 500 mAdc, f = 30 MHz ) 

f T 

60 

— 

MHz 

Turn-On Time 

(IC = 1 Adc, I B1 = 100 mA) 

Ion 

— 

100 

H 

Turn-Off Time 

(Ic = 1 Adc, I B ^ = I B 2 = 100 mA) 

4 off 

— 

400 

ns 


(1) Pulse Test: Pulse Width < 300 /us, Duty Cycle < 2.0%. 
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2N3719, 2N3720 (continued) 


BASE EMITTER SATURATION VOLTAGE VARIATIONS 



COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 



l„ BASE CURRENT (mA) 


CURRENT GAIN VARIATIONS 



O.l 0.2 0.4 0.6 0.8 1 2 4 

lo COLLECTOR CURRENT (AMR) 
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.BASE CURRENT (mA) 


2N3719, 2N3720 (continued) 


BASE CURRENT - VOLTAGE VARIATIONS COLLECTOR CURRENT vs BASE EMITTER VOLTAGE 



0.2 0.4 0.6 0.8 1.0 1.2 1.4 0.2 0.4 0.6 0.8 1.0 1.2 1.4 


V„, BASE-EM ITTER VOLTAGE (VOLTS) V„, BASE -EMITTER VOLTAGE (VOLTS) 
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2n3726 (SILICON) 

2n3727 


DUAL PNP SILICON 
ANNULAR TRANSISTORS 


... a matched pair of silicon bi-polar devices in a single package. De- 
signed for general-purpose differential amplifier applications. 


Co I lector- Emitter Breakdown Voltage — 
BVcEO = 45 Vdc (Min) @ Iq = 10 mAdc 

Low Noise Figure — 

NF = 4.0 dB (Max) @ l C = 30 juAdc 

Low Base-Emitter Voltage Differential — 
|V B E1 - VbE 2I = 2.5 mVdc (Max) (2N3727) 


‘MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

Vdc 

Collector-Base Voltage 

V CB 

45 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector-Current 

'c 

300 

mAdc 

Base Current 

•b 

100 

mAdc 

Operating and Storage Junction 

T J' T stg 

-65 to +200 

°C 

Temperature Range 







One 

Both 




Side 

Sides 


Total Device Dissipation@T/\ = 25°C 

P D 

400 

500 

mW 

Derate above 25°C 


2.29 

2.86 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

PD 

0.85 

1.4 

Watt 

Derate above 25°C 


4.85 

8.0 

mW/°C 

* Indicates JEDEC Registered Data 


PNP SILICON 
AMPLIFIER 
TRANSISTORS 




Pin 1. Collector 1 



0.034 

PINS 4 AND 8 OMITTED 
All Leads Electrically Isolated from Case 

CASE 654-04 
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2N3726, 2N3727 (continued) 


•ELECTRICAL CHARACTERISTICS (each side) (Ta = 25°C unless otherwise noted) 


j Symbol |~ 


Characteristics 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l c = lOmAdc, l B = 0) 

bv C eo 

45 


Vdc 

Collector-Base Breakdown Voltage 

BV CB q 

45 

- 

Vdc 

(l C = 0.01 mAdc, l E = 0) 





Emitter-Base Breakdown Voltage 

bv EB o 

5.0 

- 

Vdc 

(l E = 0.01 mAdc, lc= 0) 





Collector Cutoff Current 

'CBO 




(V CB = 30 Vdc, l E = 0) 


- 

10 

nAdc 

(V C B = 30 Vdc, l E = 0, T a = 1 50°C) 


- 

10 

juAdc 

Emitter Cutoff Current 

'EBO 

- 

0.1 

juAdc 

(V BE = 3.0 Vdc, l C = 0) 






ON CHARACTERISTICS 


DC Current Gain 

<l c = 0.01 mAdc, V CE = 5.0 Vdc) 

(|0 =0.1 mAdc, Vq E = 5.0 Vdc) 

(Iq = 1.0 mAdc, Vq E = 5.0 Vdc) 

( 1 c = 50 mAdc, V CE = 5.0 Vdc) ( 1 ) 

h FE 

80 

120 

135 

115 

350 


Collector-Emitter Saturation Voltage (1) 

( 1 C = 50 mAdc, 1 B = 2.5 mAdc) 

v CE(sat) 

- 

0.25 

Vdc 

Base-Emitter Saturation Voltage (1) 

(|0 = 50 mAdc, l B = 2.5 mAdc) 

v BE(sat) 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(l c = 1.0 mAdc, V CE = 10 Vdc, f = 20 MHz) 

<l c = 50 mAdc, V CE = 20 Vdc, f = 100 MHz) 

*T 

60 

200 

600 

MHz 

Output Capacitance 

(V CB = 10 Vdc, 1 E = 0, f = 1.0 MHz) 

Cob 

- 

8.0 

pF 

Input Capacitance 

(V EB = 0.5 Vdc, l C = 0, f = 1.0 MHz) 

c ib 

- 

30 

pF 

Input Impedance 

(l C = 1.0 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

h ie 

- 

11.5 

k ohm 

Voltage Feedback Ratio 

(l c = 1.0 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

h re 

- 

15 

X 10' 4 

Small-Signal Current Gain 

(l C = 1.0 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

h fe 

135 

420 

- 

Output Admittance 

(10-1.0 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

h oe 

- 

80 

jumhos 

Noise Figure 

(l C = 30 juAdc, V CE = 5.0 Vdc, R S = 10 k ohms, f - 1.0 kHz, 

B.W. = 200 Hz) 

NF 


4.0 

dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio (3) 

( 1 0 = 0.1 mAdc to 1.0 mAdc, V0 E = 5.0 Vdc) 

hFEl/ h FE2 

0.9 

1.0 

- 

Base-Emitter Voltage Differential 


l v BE1" v BE2l 



mVdc 

( 1 0 = 0.1 mAdc to 1.0 mAdc, V0 E = 5.0 Vdc) 

2N3726 


- 

5.0 



2N3727 


- 

2.5 


Base-Emitter Voltage Differential Change 


A( v BE 1 -VbE 2> 



mVdc 

( 1 0 = 0.1 mAdc to 1.0 mAdc, V0 E = 5.0 Vdc, 

2N3726 


- 

1.6 


T A = -55°C to +25°C) 

2N3727 


- 

0.8 


( 1 0 = 0.1 mAdc to 1.0 mAdc, V0 E = 5.0 Vdc, 

2N3726 


- 

2.0 


T A = +25°C to+125°C) 

2N3727 


- 

1.0 



* Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Length = 300 jus. Duty Cycle = 1.0%. (2) fy is defined as the frequency at which |hf e | extrapolates to unity. 

(3) For purposes of this ratio, the lowest hp p reading is taken as hp p <| 
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2n3733 (SILICON) 


NPN silicon transistor designed for amplifier, fre- 
quency multiplier, and oscillator applications. 

CASE 36 

(TO- 60 ) 

stud isolated from case 


MAXIMUM RATINGS (T A - 25°c unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEO 

40 

Vdc 

Collector-Emitter Voltage 
( V EB(off) =1 - 5Vdc) 

v 

V CE V 

65 

Vdc 

Collector-Base Voltage 

V CB 

65 

Vdc 

Emitter -Base Voltage 

V EB 

4.0 

Vdc 

Collector Current 

J C 

3.0 

Amps 

Total Device Dissipation @ = 25°C 

P D 


Watts 

Derate above 25°C 



W/°C 

Operating and Storage Junction Temperature Range 



°c 



FIGURE 1 - 400 MHz TEST CIRCUIT 
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2N3733 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISES 

Collector -Emitter Breakdown Voltage (D 
(I c = 0 to 200 mAdc, Ig = 0) 

bv ceo 

40 

- 

- 

Vdc 

Collector -Emitter Breakdown Voltage* 1 ) 

(I c = 0 to 200 mAdc, V EB ( off ) = 1. 5 Vdc) 

bv cev 

65 

■ 

■ 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 0. 5 mAdc, I £ = 0) 

bv cbo 

65 

■ 

- 

Vdc 

Emitter -Base Breakdown Voltage 
(I E = 0.25 mAdc, I c = 0) 

bv ebo 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CE = 30 Vdc, I B = 0) 

*CEO 

- 

' 

0.25 

1 

mAdc 

ON CHARACTERISTICS 

Collector-Emitter Saturation Voltage 
(I c = 500 mAdc, Ig = 100 mAdc) 

V CE(sat) 

- 

— n 

1.0 

Vdc 

DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product 

(I c = 150 mAdc, V C£ = 28 Vdc, f = 100 MHz) 

f T 

- 

400 

- 

MHz 

Output Capacitance 

(V CB = 30 Vdc, I E = 0) 

C ob 

- 

- 

20 

PF 

Collector-Case Capacitance 

C s 

- 

- 

6.0 

pF 

Base -Spreading Resistance 

(I c = 250 mAdc, V CE = 28 Vdc, f = 200 MHz) 

r bb' 

- 

6.5 

- 

Ohms 


FUNCTIONAL TEST 


Power Output 

V CE = 28 Vdc, P. n = 4 W, 
f = 260 MHz 

P 

*out 

- 

14.5 

- 

Watts 

Efficiency 

n 


60 

- 

% 

Power Output 

V CE = 28 Vdc, P. n = 4 W, 
f = 400 MHz (Figure 1) 

p , 
out 

10 

- 

- 

Watts 

Efficiency 

T) 

45 

- 

- 

% 


(i) Pulsed through a 25 mH inductor; duty cycle = 50% 
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2N3734 (SILICON) 
2n3735 
2n3736 
2n3737 



Medium current NPN silicon annular transistors de- 
signed for high-speed switching and driver applications. 


CASE 26 CASE 79 

(TO-46) (TO-39) 

2N3736 2N3734 

2N3737 2N3735 

Collector connected to case 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Rating 

Symbol 


2N3735 

2N3737 

Unit 

Collector-Base Voltage 

ma 


75 

Vdc 

Collector-Emitter Voltage 

PH 

30 

50 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 

*C 

1.5 

Adc 


TO-39 

2N3734 

2N3735 



Total Device Dissipation @ = 25°C 

Derating Factor Above 25°C 

P D 

m 

0.5 

2.86 

Watt 

mW/°C 

Total Device Dissipation @ Tq = 25°C 
Derating Factor Above 25°C 

Pd 

4.0 

22.8 

2.0 

11.4 

Watts 

mW/°C 

Thermal Resistance 

Junction to Ambient 

Junction to Case 

0JA 

6 JC 

1 

■ 1 

0.35 

0.088 

°C/mW 

Junction Temperature, Operating 

ma 

+200 

o c 

Storage Temperature Range 

T stg 

-65 to +200 

°C 
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2N3734, 2N3735, 2N3736, 2N3737 (continued) 

ELECTRICAL CHARACT ERISTICS <t a - 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
(I^« = 10 /lAdc, I E = 0) 

2N3734, 2N3736 
2N3735, 2N3737 

Collector- Emitter Breakdown Voltage* 11 
(IC = 10 mAdc, Ig = 0) 

2N3734, 2N3736 
2N3735, 2N3737 

Emitter-Base Breakdown Voltage 
(I E = 10 /lAdc, Ic = 0) 

Collector Cutoff Current 
(V CE = 25 Vdc, V EB = 2 Vdc) 

(V CE = 25 Vdc, V EB = 2 Vdc, T a = 100°C) 
(V CE = 40 Vdc, V EB = 2 Vdc) 

(V CE = 40 Vdc, V EB = 2 Vdc, T A = 100°C) 

2N3734, 2N3736 

2N3735, 2N3737 

Base Cutoff Current 
(V rp = 25 Vdc, V FR = 2 Vdc) 

(Vc E = 40 Vdc, V™ = 2 Vdc) 

2N3734, 2N3736 
2N3735, 2N3737 

ON CHARACTERISTICS 

DC Current Gain (1 * 

(I c = 10 mAdc, V C£ = 1 Vdc) 

(I c = 150 mAdc, V C£ = 1 Vdc) 

(Ic = 500 mAdc, V CE = 1 Vdc) 

(I c = 1 Adc, V CE = 1.5 Vdc) 

(I c = 1.5 Adc, V C£ = 5 Vdc) 

2N3734, 2N3736 
2N3735, 2N3737 

2N3734, 2N3736 
2N3735, 2N3737 

Collector Saturation Voltage 
(IC = 10 mAdc, Ig = 1 mAdc) 

(Ic = 150 mAdc, lg = 15 mAdc) 

(Ic = 500 mAdc, Ig = 50 mAdc) 

(I C = 1 Adc, Ig = 100 mAdc) 


Base- Emitter Saturation Voltage* 1 * 
(1^, = 10 mAdc, Ig = 1 mAdc) 

(I^ = 150 mAdc, Ig =15 mAdc) 
(I q = 500 mAdc, Ig = 50 mAdc) 
(Ic = 1 Adc, Ig =100 mAdc) 



DYNAMIC CHARACTERISTICS 


Output Capacitance 
( v Cg = 10 Vdc, I E = 0, f = 100 kHz) 

c ob 

H 

9.0 

PF 

Input Capacitance 

(V BE = 0.5 Vdc, I c = 0, f = 100 kHz) 

c ib 

— 

80 

pF 

High- Frequency Current Gain 
(Ic = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 

^fe 

B 

■ 

■ 

Delay Time 

(V CC = 30V .V BE(of£) -2V, 

IC = 1 Amp, Igi = 100 mA) 


— 

8.0 

ns 

Rise Time 

‘r 

— 

40 

ns 

Storage Time 

(V CC = 30 V, I c = 1 Amp, 

X B1 = -I B2 = 100 mA > 

t S 

— 

30 

ns 

Fall Time 

tf 

— 

30 

ns 

Total Control Charge 
(I c = 1 Amp, Ig = 100 mA, V cc = 30 V) 

Qrp 

E 

10 

nC 


(DPulse Test: PW £ 300 jlls, Duty Cycle ^ 2% 
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2N3734, 2N3735, 2N3736, 2N3737 (continued) 


“ON” CONDITION CHARACTERISTICS 



1.0 2.0 5.0 10 20 50 100 200 500 1000 

l c , COLLECTOR CURRENT (mA) 


COLLECTOR SATURATION REGION 



1 2 3 4 5 

/3 0 //3f, OVERDRIVE FACTOR 


This graph shows the effect of base current on collector current, 0o (cur- 
rent gain at the edge of saturation) is the current gain of the transistor at 1 
volt, and /? F (forced gain) is the ratio of Ic/Ibf in a circuit. EXAMPLE: For type 
2N3734, estimate a base current (I B f) to insure saturation at a temperature of 
25° C and a collector current of 500 mA. 

Observe that at l c = 500 mA an overdrive factor of at least 2.0 is required 
to drive the transistor well into the saturation region. From Figure I, it is seen 
that h FE @ 1 volt is typically 54 (guaranteed limits from the Table of Char- 
acteristics can be used for “worst-case” design). 


fio = h FE @l Volt 
/?f Ic/Ibf 


2 = 506W^ iBF~18.5mAtyp 



10 20 30 50 100 200 300 500 1000 

lc, COLLECTOR CURRENT (mA) 


TEMPERATURE COEFFICIENTS 



l c , COLLECTOR CURRENT (mA) 
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Ic. COLLECTOR CURRENT (piA) lc, COLLECTOR CURRENT (mA) 


2N3734, 2N3735, 2N3736 f 2N3737 (continued) 


LARGE SIGNAL CHARACTERISTICS 




0 0.2 0.4 0.6 0.8 

V IE , BASE-EMITTER VOLTAGE (VOLTS) 


0.2 0.4 0.6 0.8 1.0 1.2 

V IE , BASE-EMITTER VOLTAGE (VOLTS) 


“OFF" CONDITION CHARACTERISTICS 




0.2 0.1 0 0.1 0.2 0.3 0.4 

Vie, BASE-EMITTER VOLTAGE (VOLTS) 


103 1(H 105 10* 107 

Rie, EXTERNAL BASE-EMITTER RESISTANCE (OHMS) 
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n. STORAGE TIME (ns) TIME (ns) 


2N3734, 2N3735, 2N3736, 2N3737 (continued) 


SWITCHING CHARACTERISTICS 

_Tj = 25*C — Tj = 150°C 



10 20 50 100 200 500 1000 

l c , COLLECTOR CURRENT (mA) 



10 20 50 100 200 500 1000 

l c , COLLECTOR CURRENT (mA) 


STORAGE TIME 



10 20 50 100 200 500 1000 

l c COLLECTOR CURRENT (mA) 



10 20 50 100 200 500 1000 

lc COLLECTOR CURRENT (mA) 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 
TURN-ON TIME TURN-OFF TIME 
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Ic, COLLECTOR CURRENT (AMPS) & CHARGE hC) 


2N3734, 2N3735, 2N3736, 2N3737 (continued) 


CHARGE DATA CAPACITANCE 



10 20 50 100 200 500 1000 - 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 


l c , COLLECTOR CURRENT (mA) REVERSE BIAS (VOLTS) 


ACTIVE REGION SAFE OPERATING AREAS 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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2n3738 (SILICON) 

2n3739 


la! 


CASE SO 

(TO-66) 


High-voltage NPN silicon power transistors, de- 
signed for use in line operated equipment such as audio 
output amplifiers; low-current, high-voltage converters; 
and AC line relays, featuring excellent dc gain. 


Collector connected to case 

MAXIMUM RATINGS (T A = 25°c unless otherwise noted) 


Rating 

Symbol 

Collector- Base Voltage 

V CB 

Emitter- Base Voltage 

V EB 

Collector- Emitter Voltage 

V CEO 

Collector Current (Continuous) 


Collector Current (Peak) 

*C 

Base Current 


Total Device Dissipation @ T p = 25°C 
Derate above 25°C u 

P D 

Thermal Resistance 

°JC 

Junction Operating and Storage 
Temperature Range 

T J’ T stg 


2N3738 2N3739 Unit 



POWER-TEMPERATURE DERATING CURVE 


20 

g 16 

I 12 

I 

£ 8 



75 100 

To CASE TEMPERATURE (°C) 
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I c> COLLECTOR CURRENT (AMP) 


2N3738, 2N3739 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted) 



(UPULSE TEST: PW < 300 /is, Duty Cycle < 2 % 

ACTIVE REGION SAFE AREAS 


The Safe Operating Area Curves indicate 
Ic-Vce limits below which the device will not 
go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case 
temperature and duty cycle of the excur- 
sions make no significant change in these 
safe areas.) The load line may exceed the 
BVceo voltage limit only if the collector cur- 
rent has been reduced to 20 mA or less be- 
fore or at the BVceo limit; then and only then 
may the load line be extended to the abso- 
lute maximum voltage rating of BVcio. To 
insure operation below the maximum T Jf 
the power-temperature derating curve must 
be observed for both steady state and pulse 
power conditions. 


0 40 80 120 160 200 240 280 300 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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t, TIME (fa) VOLTAGE (VOLTS) h FEl CURRENT GAIN 


2N3738, 2N3739 (continued) 


CURRENT GAIN 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 


l c , COLLECTOR CURRENT (mA) 


“ON” VOLTAGES 


CAPACITANCE 



10 20 30 50 100 200 300 500 


I c , COLLECTOR CURRENT (mA) 



0.1 0.2 0.5 l.Q 2.0 5.0 10 20 50 100 

REVERSE BIAS VOLTAGE (VOLTS) 


TURN-ON TIME 


TURN-OFF TIME 




1.0 2.0 5.0 10 20 50 100 200 500 1.0 2.0 5.0 10 20 50 100 200 500 

l c , COLLECTOR CURRENT (mA) l c , COLLECTOR CURRENT (mA) 
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2n3740, A (SILICON) 

2n3741, A 


MEDIUM-POWER PNP TRANSISTORS 


. . . ideal for use as drivers, switches and direct replacement of 
germanium medium-power devices. These devices feature: 

• Low Saturation Voltage — 

VcE(sat) = 0-6 Vdc @ Iq = 1.0 Amp 

• High Gain Characteristics — 

h FE = 30-100 @ l c = 250 mAdc 

• Direct Substitution for Germanium Equivalents 

• Excellent Safe Area Limits (See Figure 2) 

• Low Collector Cutoff Current — 

100 nA (Max) 2N3740A, 2N3741A 

• Complementary to NPN 2N3766 

(2N3740) and 2N3767 (2N3741) 


POWER TRANSISTORS 

PNP SILICON 
60-80 VOLTS 
25 WATTS 



^MAXIMUM RATINGS 


Rating 

Symbol 

2N3740 

2N3740A 

2N3741 

2N3741A 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

7.0 

7.0 

Vdc 

Col lector- Base Voltage 

V CB 

60 

80 

vdc 

Collector Current - Continuous 

'c 

4.0 

Adc 

- Peak (Note 1) 


10 


Base Current 

*B 

2.0 

Adc 

Total Device Dissipation @Tc = 25°C 

PD 

25 

Watts 

Derate above 25°C 


0.143 

W/°C 

Operating and Storage Junction 

Tj' T stg 

-65 to +200 

°C 

Temperature Range 






Note 1 : See Figure 2 



Tc .TEMPERATURE (°C) 

Safe Area Curves are indicated by Figure 2. 

Both limits are applicable and must be observed. 

’Indicates JEDEC Registered Data. 




0^590 


CASE 80 

(TO-66) 

COLLECTOR CONNECTED TO CASE 
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2N3740,A, 2N3741 / A (continued) 


♦ELECTRICAL CHARACTERISTICS (Tq- 25°C unless otherwise noted) 

| Characteristic j Figure No. j Symbol | Min | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage © 

(l C = 100 mAdc, l B =0) 

2N3740, 2N3740A 
2N3741, 2N3741A 

2 

VcEO(sus) © 

60 

80 

- 

Vdc 

Emitter Base Cutoff Current 


- 

lEBO 




(V EB = 7.0 Vdc) 

2N3740, 2N3741 



- 

0.5 

mAdc 


2N3740A, 2N3741A 




100 

nAdc 

Collector Cutoff Current 


5, 6© 

ICEX 




(Vqe = 60 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

2N3740 



- 

100 

MAdc 


2N3740A 



— 

100 

nAdc 

(Vqe = 80 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

2N3741 



- 

100 

MAdc 


2N3741A 



— 

100 

nAdc 

(V C E = 40 Vdc, V BE ( off ) = 1 .5 Vdc, T c = 150°C) 

2N3740 



- 

1.0 

mAdc 


2N3740A 



— 

0.5 


(V C E = 60 Vdc, V BE ( 0 ff) = 1.5 Vdc, T c = 150°C) 

2N3741 



- 

1.0 

mAdc 


2N3741A 



— 

0.5 


Collector-Emitter Cutoff Current 


5, 6© 

•CEO 




(Vce = 40 Vdc, l B = 0) 

2N3740 



- 

1.0 

mAdc 


2N3740A 



— 

1.0 

MAdc 

(V C E = 60 Vdc, l B = 0) 

2N3741 



— 

1.0 

mAdc 


2N3741A 



- 

1.0 

MAdc 

Collector Base Cutoff Current 



•CBO 




(V CB = 60 Vdc, l E = 0) 

2N3740 



- 

100 

MAdc 


2N3740A 



— 

100 

nAdc 

(V C B = 80 Vdc, l E = 0) 

2N3741 



- 

100 

MAdc 


2N3741A 



- 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

(1C = 100 mAdc, Vce = 10 Vdc) 

(l C = 250 mAdc, V C e - 1 0 Vdc) 

Oc = 500 mAdc, Vce = 1 Vdc) 

(l C = 1.0 Adc, V C E - 10 Vdc) 

7 

h FE© 

40 

30 

20 

10 

100 


Collector-Emitter Saturation Voltage 
(l C = 10 Adc, l B = 125 mAdc) 

8, 9, 10 

VcE(sat)© 

— 

0.6 

Vdc 

Base-Emitter Voltage 
(l C = 250 mAdc, V C E = 1.0 Vdc) 

3, 4, 9, 10 

Vbe© 

— 

1.0 

Vdc 


TRANSIENT CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(l C = 100 mAdc, V C E = 10 Vdc, f= 1.0 MHz) 


*r 

4.0 

- 

MHz 

Common Base Output Capacitance 
(V CB = 10 Vdc, l C = 0, f = 100 kHz) 

14 

c ob 

- 

100 

pF 

Small-Signal Current Gain 
( 1 C = 50 mAdc, V C E = 10 Vdc, f = 1.0 kHz) 


hf e 

25 




* Indicates JEOEC Registered Data. (DpulseTest: Pulse Width ^ 300 jus. Duty Cycle ^2.0%. 

d) Figures 5 and 6 apply to 2N3740 and 2N3741 only. 


FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 



The Safe Operating Area Curves indicate Iq — Vce limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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!c, COLLECTOR CURRENT (mA) 



0.02 0.03 0.05 =0.1 0.2 0.3 

0.5 1.0 2.0 3.0 5.0 

10 

20 30 

50 

100 

200 300 500 

| 

t, TIME (ms) 























t,, STORAGE TIMERS) t, TIME ( M s) 


2N3740,A, 2N3741,A (continued) 


FIGURE 12 - TURN-ON TIME FIGURE 13 - CAPACITANCE 




FIGURE 14 - STORAGE TIME 



FIGURE 15 - FALL TIME 



2-586 




2n3742 (SILICON) 



NPN silicon annular transistor for high-voltage am- 
plifier applications from DC to VHF. 


Collector connected to case 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

300 

Vdc 

Collector-Emitter Voltage 

V CEO 

300 

Vdc 

Emitter-Base Voltage 

V EB 

T.O 

Vdc 

Collector Current 

*C 

50 

mAdc 

Total Device Dissipation @ T A = 25°C 

P D 

1.0 


Derating Factor Above 25°C 


5.71 


Total Device Dissipation @ T^ = 25°C 

P D 

5.0 

Watts 

Derating Factor Above 25°C 


28.6 

mW/°C 

Operating Junction Temperature 

: 

T J 

+200 

°C 

Storage Temperature Range 

WBM 

-65 to +200 

°C 



0.1 0.2 0.3 0.5 1 2 3 5 10 20 30 50 100 

REVERSE BIAS (VOLTS) 



| El EMITTER-CURRENT (mA) 
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2N3742 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 



*PW < 30 ns, Duty Cycle < 1% 
**PW < 300 pis. Duty Cycle < 2 % 
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/CEMI. COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) hn, DC CURRENT GAIN h «- DC CURRENT GAIN 


2N3742 (continued) 



CURRENT GAIN CHARACTERISTICS versus COLLECTOR-EMITTER VOLTAGE 



COLLECTOR-EMITTER SATURATION VOLTAGE 



1 2 3 5 7 10 20 30 50 

l c , COLLECTOR CURRENT (mAdc) 


BASE -EMITTER SATURATION VOLTAGE 



1 2 3 5 7 10 20 30 

lc, COLLECTOR CURRENT (mAdc) 









C, CAPACITANCE (pF) 


2n3743 (SILICON) 


PNP silicon annular transistor for high-voltage am- 
plifier applications from dc to VHF. 

CASE 79 

(TO-39) 


Collector connected to case 
MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

300 

Vdc 

Collector- Emitter Voltage 

V CEO 

300 

Vdc 

Emitter-Base Voltage 

V EB 


Vdc 

Collector Current 

l C 

50 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

n 

Watt 

Derate Above 25oc 


m i 

mW/°C 

Total Device Dissipation® T^ = 25°C 

Pd 

5.0 

Watts 

Derate Above 25°C 


28.6 

mW/°C 

Operating Junction Temperature 

T J 

+ 200 

o 

O 

Storage Temperature Range 

T stg 

-65 to +200 

°c 



JUNCTION CAPACITANCE 


GAIN-BANDWIDTH PRODUCT 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

REVERSE BIAS (VOLTS) 



l E , EMITTER CURRENT (mA) 
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2N3743 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 


Collector-Base Breakdown Voltage 
(l0 = 100 MAdc, I E = 0) 


Collector- Emitter Breakdown Voltage* 
d c = 10 mAdc, I B = 0) 


Emitter-Base Breakdown Voltage 
(I E = 100 MAdc, Ic = 0) 


Collector Saturation Voltage** 
(IC = 10 mAdc, Ig » 1 mAdc) 

(I r = 30 mAdc, I B = 3‘mAdc) 


Base- Emitter Saturation Voltage** 
(Ic = 10 mAdc, I B * 1 mAdc) 

(Iq = 30 mAdc, Ig = 3 mAdc) 


DC Forward Current Gain** 

(Ic = 100 /xAdc, V C E = 10 Vdc) 

(I c = 1 mAdc, V CE = 10 Vdc) 
(I c = 10 mAdc, V CE = 10 Vdc) 
(I c = 30 mAdc, V CE = 10 Vdc) 
(I C = 50 mAdc, V C£ = 20 Vdc) 


Collector Cutoff Current 
(V CB = 200 Vdc, I E = 0) 


Emitter-Base Leakage Current 
(V EB - 3 Vdc, Ic = 0) 


Small-Signal Current Gain 
(I c * 10 mAdc, V CE = 20 Vdc, f=20MHz) 


Output Capacitance 

(V CB * 20 Vdc, I E = 0, f = 100 kHz) 


Input Capacitance 

( V Eg = 1 Vdc, lc-0,f -100 kHz) 


Small Signal Current Gain 
( y CE 35 10 v » Ic = 10 mA > f = 1 kHz ) 


Voltage Feedback Ratio 
(V CE = 10 V, Ic = 10 mA, f = 1 kHz) 


Input Impedance 

(V C e = 10 V, Ic = 10 mA, f = 1 kHz) 


Output Admittance 

(V C e = 10 V* Ic - 10 mA, f = 1 kHz) 


Real Part of Input Impedance 
(Ic = 10 mAdc, V CE = 10 Vdc, f = 5 MHz) 


*PW ^ 30 ms , Duty Cycle < 1% 
**PW 5 300 ms, Duty Cycle 1 2% 


Symbol 




0.3 

30 

M Adc 

0.1 

MAdC 
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, FORWARD TRANSFER ADMITTANCE (mmhos) V,*, INPUT ADMITTANCE (mmhos) 


2N3743 (continued) 


SMALL SIGNAL y PARAMETERS 

T a = 25°C 



0.1 

0.2 

0.5 1.0 2.0 

5.0 

10 

0.1 

0.2 

0.5 1.0 2.0 



l E( EMITTER CURRENT(mA) 





l E> EMITTER CURRENT (mA) 


FORWARD TRANSFER ADMITTANCE OUTPUT ADMITTANCE 



lb EMITTER CURRENT (mA) lb EMITTER CURRENT (mA) 


2-594 




2n3 762 (SILICON) 

2^3763 

2N3763 JAN, JTX AVAILABLE 

2n3764 

2n3765 

2N3765 JAN, JTX AVAILABLE 

Medium- current PNP silicon annular transistor, de- 
signed for high-speed switching and driver applications. 


CASE 31 CASE 26 

(TO-5) (TO-46) 

2N3762 2N3764 

2N3763 2N3765 

Collector connected to case 

MAXIMUM RATINGS (Ta = 25 °c unless otherwise noted) 


Rating 

Symbol 

2N3762 

2N3764 

2N3763 

2N3765 

Unit 

Collector- Base Voltage 

V CB 

40 

60 

Vdc 

Collector- Emitter Voltage 

v CEO 

40 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 


1.5 



Adc 


TO-5 

2N3762 

2N3763 

TO-46 

2N3764 

2N3765 


Total Device Dissipation @ T A = 25°C 
Derating Factor Above 25°C 

P D 

1.0 

5.71 

0.5 

2.86 

Watt 

mW/°C 

Total Device Dissipation @ Tq = 25°C 
Derating Factor Above 25°C 

P D 


2.0 

11.4 

Watts 

mW/°C 

Thermal Resistance 

Junction to Ambient 

Junction to Case 

®JA 

e JC 

0.175 

0.044 

0.35 

0.088 

°C/mW 

Junction Temperature, Operating 

mm 

+ 200 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°C 
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2N3762, 2N3763, 2N3764, 2N3765 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 


Max 

Unit 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage 


bv cbo 



Vdc 

(IC = 10 A Adc, 1 E = 0) 

2N3762, 2N3764 

40 

— 


2N3763, 2N3765 


60 

— 


Collector- Emitter Breakdown Voltage ( 11 


bv ceo 


■ 

Vdc 

(IC = 10 mAdc, I B = 0) 

2N3762, 2N3764 

40 



2N3763, 2N3765 


60 

B 


Emitter-Base Breakdown Voltage 


bv ebo 


■ 

Vdc 

(I E = 10 MAdc, Ic = 0) 


5.0 

B 


Collector Cutoff Current 


*CEX 



MAdc 

(V C e - 20 Vdc, V EB = 2 Vdc) 

2N3762, 2N3764 

— 

0.10 


(V CE = 20 Vdc, V EB = 2 Vdc, T. = 100°C) 



— 

10 


(V CE - 30 Vdc, V EB = 2 Vdc) 

2N3763, 2N3765 


■ — 

0.10 


(V CE « 30 Vdc, V EB = 2 Vdc, T A = 100°C) 



— 

10 


Base Cutoff Current 


*BL 

■ 

HI 

MAdc 

(V CE = 20 Vdc, V EB - 2 Vdc) 

2N3762, 2N3764 

a 

Wwm 


(Vce * 30 Vdc, V EB = 2 Vdc) 

2N3763, 2N3765 


H 

Eg' 



ON CHARACTERISTICS 


DC Current Gain ( 1 ] ; 

(Ic = 10 mAdc, V C£ = 1 Vdc) 

(IC = 150 mAdc, V CE s 1 Vdc) 

(IC = 500 mAdc, V CE = 1 Vdc) 

(In = 1 Adc, V CE - 1.5 Vdc) 2N3762, 2N3764 

2N3763, 2N3765 

(I c = 1.5 Adc, V CE = 5 Vdc) 2N3762, 2N3764 

2N3763, 2N3765 

hpE 

35 

40 

35 

30 

20 

30 

20 

120 

80 

1 

Collector Saturation Voltage ( 11 
(Ic * 10 mAdc, Ig = 1 mAdc) 

(I c = 150 mAdc, Ig= 15 mAdc) 

(Ic = 500 mAdc, Ig = 50 mAdc) 

(IC = 1 Adc, Ig * 100 mAdc) 

v CE(sat) 

i i ll 

0.1 

0.22 

0.5 

0.9 

Vdc 

Base- Emitter Saturation Voltage (1> 

(Ic = 10 mAdc, Ig =1 mAdc) 

(Ic = 150 mAdc, Ig = 15 mAdc) 

(I c = 500 mAdc, Ig = 50 mAdc) 

(I c = 1 Adc, Ig = 100 mAdc) 

v BE(sat) 

IMS 

1 

Vdc 


TRANSIENT CHARACTERISTICS 


Output Capacitance 
(V C g = 10 Vdc, I E = 0, f = 100 kHz) 

c ob 

a 

15 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, Ic = 0, f = 100 kHz) 

c ib 

B 

80 

pF 

High Frequency Current Gain 

(I c = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 2N3762, 2N3764 

2N3763, 2N3765 

1 hfe | 

B 

— 

■ 

Delay Time 

(V CC = 30 V, V BE(off) -2 V, 

Ic ■ 1 Amp, I B1 = 100 mA) 

td 


8.0 

ns 

Rise Time 

‘r 

— 

35 

ns 

Storage Time 

(V C c = 30 V, Ip = 1 Amp, 

Ig^ = -Ig2 = 100 mA) 

‘s 

— 

80 

ns 

Fall Time 



35 

ns 

Total Control Charge 
(Ic * 1 Amp, Ig = 100 mA, V cc = 30 V) 

q t 

— 

30 

nC 








































































“ON” VOLTAGE (VOLTS) V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) CURRENT GAIN 


2N3762, 2N3763, 2N3764, 2N3765 (continued) 


“ON” CONDITION CHARACTERISTICS 



1.0 2.0 5.0 10 20 50 100 200 500 1000 


l c , COLLECTOR CURRENT (mA) 

COLLECTOR SATURATION REGION 



1 2 3 4 5 

/9o//3f, OVERDRIVE FACTOR 


This graph shows the effect of base current on collector current. g© (cur- 
rent gain at the edge of saturation) is the current gain of the transistor at 1 
volt, and g F (forced gain) is the ratio of Ic/Ibf in a circuit. EXAMPLE: For type 
2N3734, estimate a base current (l BF ) to ensure saturation at a temperature of 
25°C and a collector of 500 mA. 

Observe that at lc = 500 mA an overdrive factor of at least 2.0 is required 
to drive the transistor well into the saturation region. From Figure 1, it is seen 
that h FE @ 1 volt is typically 54 (guaranteed limits from the Table of Char- 
acteristics can be used for “worst-case” design). 


go _ h FE @lVolt 
j8f Ic/Ibf 


2= 50ra/b lBF~18.5mAtyp 



10 20 30 50 100 200 300 500 1000 

l c , COLLECTOR CURRENT (mA) 


TEMPERATURE COEFFICIENTS 



0 100 200 300 400 500 600 700 800 900 1000 


l c , COLLECTOR CURRENT (mA) 



TURN ON TIME SWITCHING TIME EQUIVALENT TEST CIRCUITS TURN OFF TIME 




PW = 200 ns 
RISE TIME ^2 ns 
DUTY'CYCLE ^2% 
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I B , BASE CURRENT (mA) ta COLLECTOR CURRENT (mA) 


2N3762, 2N3763, 2N3764, 2N3765 (continued) 


LARGE SIGNAL CHARACTERISTICS 


TRANSCONDUCTANCE 



o 0.2 0.4 0.6 0.8 1.0 1.2 

V BE , BASE-EMITTER VOLTAGE (VOLTS) 


INPUT ADMITTANCE 



0 0.2 0.4 0.6 0.8 1.0 1.2 

V BE . BASE-EMITTER VOLTAGE (VOLTS) 


“OFF” CONDITION CHARACTERISTICS 


TRANSCONDUCTANCE 



0.2 0.1 0 0.1 0.2 0.3 0.4 0.5 

V BE , BASE-EMITTER VOLTAGE (VOLTS) 



10J 1(H 105 104 103 10* 

R be , EXTERNAL BASE-EMITTER RESISTANCE (ohms) 
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, STORAGE TIME (ns) TIME (ns) 


2N3762, 2N3763, 2N3764, 2N3765 (continued) 


— T J = 25°C SWITCHING CHARACTERISTICS --T^iscrc 


TURN-ON TIME 


RISE AND FALL TIME 



10 50 100 200 500 1000 



10 20 30 50 100 200 300 500 1000 


l c , COLLECTOR CURRENT (mA) 


l c . COLLECTOR CURRENT (mA) 


STORAGE TIME 


FALL TIME 



10 20 30 50 100 200 300 500 1000 

lc, COLLECTOR CURRENT (mA) 



10 20 30 50 100 200 300 500 1000 

l Cl COLLECTOR CURRENT (mA) 
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Ic, COLLECTOR CURRENT (AMPS) Q, CHARGE (nC) 


2N3762, 2N3763, 2N3764, 2N3765 (continued) 


CHARGE DATA 


CAPACITANCE 



10 20 30 50 100 200 300 500 1000 

l c , COLLECTOR CURRENT, (mA) 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 

REVERSE BIAS (VOLTS) 



0 10 20 30 40 50 60 

V CE , COLLECTOR EMITTER VOLTAGE (VOLTS) 
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2n3766 (SILICON) 

2n3767 



CASE 80 

(TO -66) 


Medium -power NPN silicon transistors, for use in 
switching, and medium-poweramplifier applications. Com- 
plement to PNP 2N3740 (2N3766) 2N3741 (2N3767). 


Collector connected to case 


MAXIMUM RATINGS (T c = 25°C unless otherwise noted) 


Rating 

Symbol 

2N3766 

2N3767 

boh 

Collector-Base Voltage 

V CB 

80 

100 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

6.0 

Vdc 

Collector-Emitter Voltage 

V CEO 

60 

80 

Vdc 

Collector Current - Continuous 

r c 

4.0 

Adc 

Peak 


4.0 


Base Current 

l B 

2.0 

Adc 

Total Device Dissipation @ T c = 25° C 

P D 

20 

Watts 

Derate above 25° C 

0. 

133 

W/°C 

Thermal Resistance 

S JC 

7.5 

°c/w 

Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-65 to °175 

°c 


i 


o 

6 


§ 



0 25 50 75 100 125 150 175 

To CASE TEMPERATURE (°C) 


Safe area curves are indicated. Both limits are applicable and must be observed. 
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2N3766, 2N3767 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector- Emitter Voltage 

(I c = 100 iriAdc, I B = 0) 2N3766 

2N3767 

bv ceo 

1 

■ 

Vdc 

Emitter-Base Cutoff Current 
(V £B = 6 Vdc) 

Iebo 

H 

0.75 

mAdc 

Collector Cutoff Current 

( V CE = 80 vdc > V BE = V dc ) 2N3766 

( V CE = 100 vdc > V BE = 1 * 5 Vdc ) 2N3767 

(V CE = 50 Vdc, V BE = 1.5 Vdc, Tp = 150°C) 2N3766 
(V CE = 70 Vdc, V BE = 1.5 Vdc, T c = 150°C) 2N3767 

J CEX 

— 

0.1 

0.1 

1.0 

1.0 

mAdc 

Collector-Emitter Cutoff Current 
(V C E = 60 Vdc, I B = 0) 2N3766 

(V CE = 80 Vdc, I B = 0) 2N3767 

X CEO 

■ 

0.7 

0.7 

mAdc 

Collector-Base Cutoff Current 
(V£ B = 80 Vdc, I E = 0) 2N3766 

< V CB = 100 Vdc - *E = °) 2N3767 

’tBO 

— 

0.1 

0.1 

mAdc 


ON CHARACTERISTICS 


DC Current Gain 
(I c = 50 mAdc, V CE = 5 Vdc) 

h FE 

30 



— 

(I c = 500 mAdc, V CE = 5 Vdc) 


40 

160 


(I c = 1.0 Adc, V CE = 10 Vdc) 


20 

— 


Collector- Emitter Saturation Voltage 
(I c = 1 Adc, I B = 0.1 Adc) 

V CE(sat) 

B 


Vdc 

(I c = 500 mAdc, I B = 50 mAdc) 


H 

1.0 


Base- Emitter Voltage 
(I c = 1.0 Adc, V CE = 10 Vdc) 

v 

V BE 

B 

1.5 

Vdc 


TRANSIENT CHARACTERISTICS 


Current-Gain - Bandwidth Product 
(I c = 500 mAdc, V C£ = 10 Vdc, f = 10 MHz ) 

f X 

10 

■ 

MHz 

Common-Base Output Capacitance 
( V CB = 10 Vdc > ic = 0 Adc > f = 100 kHz ) 

C ob 

B 

50 

pF 

Small-Signal Current Gain 
(Ic = 100 mAdc, V CE = 10 Vdc, f = 1 kHz ) 

^e 

40 

B 

m 


(1) Pulse Test :Pulse WidthS300MS,Duty Cycled. 0% 


ACTIVE REGION SAFE AREAS 


The Safe Operating Area Curves indicate 
Ic'Vce limits below which the device will not 
go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case 
temperature and duty cycle of the excur- 
sions make no significant change in these 
safe areas.) The load line may exceed the 
BVceo voltage limit only if the collector cur- 
rent has been reduced to 20 mA or less be- 
fore or at the BVces limit; then and only then 
may the load line be extended to the abso- 
lute maximum voltage rating of BVc«o. To 
insure operation below the maximum Tj, 
the power-temperature derating curve must 
be observed for both steady state and pulse 
power conditions. 


0 10 20 30 40 50 60 70 80 

Vce, COLLECTOR EMITTER VOLTAGE (VOLTS) 2—602 




















































I B , BASE CURRENT (raA) l c , COLLECTOR CURRENT (mA) 


2N3766, 2N3767 (continued) 


LARGE SIGNAL CHARACTERISTICS 

TRANSCONDUCTANCE 



0 0.2 0.4 0.6 0.8 1.0 1.2 

V BE , BASE-EMITTER VOLTAGE (VOLTS) 


INPUT ADMITTANCE 



0 0.2 0.4 0.6 0.8 1.0 1.2 


V BEl BASE-EMITTER VOLTAGE (VOLTS) 


CUT-OFF CHARACTERISTICS 


TRANSCONDUCTANCE 



0.6 0.4 0.2 0 0.2 0.4 0.6 

V BE , BASE-EMITTER VOLTAGE (VOLTS) 

EFFECT OF BASE-EMITTER RESISTANCE 
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VOLTAGE (VOLTS) V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N3766, 2N3767 (continued) 


CURRENT GAIN 



10 20 30 50 70 100 200 300 500 700 1000 

l c , COLLECTOR CURRENT (mA) 


COLLECTOR SATURATION REGION 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

l B , BASE CURRENT (mA) 


“ON” VOLTAGES 


TEMPERATURE CO-EFFICIENTS 




10 20 30 50 100 200 300 500 1000 


100 200 300 400 500 600 700 800 900 1000 


l c , COLLECTOR CURRENT (mA) 


l c , COLLECTOR CURRENT (mA) 
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CAPACITANCE ( pf) TIME(ns) 


2N3766, 2N3767 (continued) 


TRANSIENT CHARACTERISTICS 


TURN-ON TIME 


(Tj = 25°C) 


TURN-OFF TIME 



10 20 30 50 100 200 300 500 1000 

l c , COLLECTOR CURRENT (mA) 



10 20 30 50 100 200 300 500 1000 

l c , COLLECTOR CURRENT (mA) 


CAPACITANCE 


EQUIVALENT CIRCUIT FOR 
MEASURING DELAY AND RISE TIME 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 


REVERSE BIAS (VOLTS) 



EQUIVALENT CIRCUIT FOR 
MEASURING STORAGE AND FALL TIMES 
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2n3771 (SILICON) 

sn3772 

MJ3771 

MJ3772 


HIGH-POWER NPN SILICON TRANSISTORS 


. . . designed for use in power amplifier and switching circuits 
applications. 


• High DC Current Gain — 

hFE = 15 (Min) @ l C = 15 Adc - 2N3771, MJ3771 
15 (Min) @ l C = 10 Adc - 2N3772, MJ3772 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 1-0 Vdc (Max) @ l C - 15 Adc - MJ3771 
1.0 Vdc (Max) @ l c = 10 Adc - MJ3772 


"MAXIMUM RATINGS 


Rating 

Symbol 

2N3771 

MJ3771 

2N3772 

MJ3772 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

Vdc 

Collector-Emitter Voltage 

V CEX 

50 

80 

Vdc 

Collector-Base Voltage 

V CB 

50 

100 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

7.0 

Vdc 

Collector Current — Continuous 

! C 

30 

20 

Adc 

Peak 


30 

30 


Base Current — Continuous 

>B 

7.5 

5.0 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25° C 

PD 

150 

0.86 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +200 

°C 


"THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.17 

°C/W 


’Indicates JE DEC Registered Data (2N3771, 2N3772). 


20 AND 30 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

40-60 VOLTS 
150 WATTS 




Collector Connected to Case 





2N3771, 2N3772, MJ3771, MJ3772 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

'Collector-Emitter Sustaining Voltage (Note 1) 


VcEO(sus) 




Vdc 

( 1 q = 200 mAdc, l B = 0) 

2N3771 , MJ3771 


40 

— 

— 



2N3772, MJ3772 


60 

- 

- 


'Collector Cutoff Current 


•CEO 

WSjm 




(V C e = 30 Vdc, l B = 0) 

2N3771 , MJ3771 



- 

10 


(V CE = 50 Vdc, I b = 0) 

2N3772, MJ3772 



- 

10 


'Collector Cutoff Current 


•CEX 

■ 

■ 


mAdc 

(V CE = Rated V CB , V EB ( of f) = 1.5 Vdc) 

2N3771, MJ3771 




2.0 



2N3772, MJ3772 


H 

■ 

5.0 


(V C E = 30 Vdc, V EB ( of f) = 1.5Vdc,T C =150 o C) 

All Types 


Mm 


10 


Collector Cutoff Current 


>CBO 

■ 



mAdc 

*(V CB = Rated V CB , l E = 0) 

2N3771 , MJ3771 







2N3772, MJ3772 


■ ; 

■ 



(V CB = 30 Vdc, l E = 0, T C = 1 50°C) 

All Types 






'Emitter Cutoff Current 


•ebo 




mAdc 

(V B £ = Rated V BE , Iq = 0) 



- 

- 

5.0 



ON CHARACTERISTICS 


'DC Current Gain (Note 1) 

(Iq = 15 Adc, Vq E = 4.0 Vdc) 

(Iq = 10 Adc, V CE = 4.0 Vdc) 

(Iq = 30 Adc, V CE = 4.0 Vdc) 

(l C = 20 Adc, V CE = 4.0 Vdc) 

2N3771, MJ3771 
2N3772, MJ3772 
2N3771, MJ3771 
2N3772, MJ3772 

hpE 

15 

15 

5.0 

5.0 

- 

60 

60 


'Collector-Emitter Saturation Voltage (Note 1) 


VcE(sat) 




Vdc 

(l C = 15 Adc, l B = 1.5 Adc) 

2N3771 


- 

- 

2.0 



MJ3771 


- 

- 

1.0 


(l C = 10 Adc, l B = 1.0 Adc) 

2N3772 


- 

- 

1.4 



MJ3772 


— 

— 

1.0 


(l c = 30 Adc, l B =6.0 Adc) 

2N3771, MJ3771 


_ 

_ 

4.0 


(Iq = 20 Adc, l B = 4.0 Adc) 

2N3772, MJ3772 


- 

- 

4.0 


Base-Emitter Saturation Voltage (Note 1 ) 


v BE(sat) 




Vdc 

(Iq = 10 Adc, l B = 1.0 Adc) 

MJ3771, MJ3772 


- 

- 

1.7 


(Iq = 15 Adc, l B = 1.5 Adc) 

MJ3771, MJ3772 


- 

- 

1.8 


(Iq = 20 Adc, l B = 2.0 Adc) 

MJ3771, MJ3772 


- 

- 

2.5 


'Base-Emitter On Voltage (Note 1) 


VBE(on) 




Vdc 

(l C = 15 Adc, V CE = 4.0 Vdc) 

2N3771 


- 

- 

2.7 



MJ3771 


- 

- 

1.7 


(Iq = 10 Adc, V CE = 4.0 Vdc) 

2N3772 


- 

- 

2.2 



MJ3772 


- 

- 

1.7 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(Iq = 1 .0 Adc, V CE = 4.0 Vdc, f = 50 kHz) 2N3771, 2N3772 

(Iq = 1 .0 Adc, V CE = 10 Vdc, f = 1 .0 MHz) MJ3771, MJ3772 

*T 


- 

■ 

MHz 

Small Signal Current Gain 
(l C = 10 Adc, V CE = 4.0 Vdc, f = 1 .0 kHz) 

h fe 

H 

- 

■ 

- 


SWITCHING CHARACTERISTICS 


Rise Time 

MJ3771, MJ3772 

(Vqq= 10 Vdc, 

MJ3771, MJ3772 

l c = 10 Adc, 

>B1 = >B2 = TO Adc) MJ3771, MJ3772 

tr 

- 

350 

- 

ns 

Storage Time 

ts 

- 

700 

- 

ns 

Fall Time 

tf 

- 

300 

- 

ns 


* Indicates JEDEC Registered Data (2N3771 . 2N3772). 

Note 1 : Pulse T est: Pulse Width <: 300 jus. Duty Cycle ^ 2.0%. 
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Ic, COLLECTOR CURRENT (AMPS) 


2N3771, 2N3772, MJ3771, MJ3772 (continued) 


ACTIVE REGION DC SAFE OPERATING AREA 


FIGURE 1 - 2N3771, 2N3772 


FIGURE 2 - MJ3771, MJ3772 




VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate lc — V CE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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2n 3783 thru 2 n3785 

(GERMANIUM) 



PNP germanium epitaxial mesa transistors for high- 
gain, low-noise amplifier, oscillator and frequency 
multiplier applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N3783 

2N3784 

2N3785 

Unit 

Collector-Base Voltage 

V CB 

30 

15 

Vdc 

Collector- Emitter Voltage 

V CES 

30 

15 

Vdc 

Collector- Emitter Voltage 

V CEO 

20 

12 

Vdc 

Emitter-Base Voltage 

V E B 

0.5 

Vdc 

Collector Current 

‘c 

20 

mAdc 

Total Device Dissipation @ T A = 25°C 
Derate above 25°C 

P D 

150 

2.0 

mW 

mW/°C 

Junction Operating & Storage Temperature 
Range 

T J. 

T stg 

-65 to +100 

B 


FIGURE 1 — 200 MHz TEST CIRCUIT: POWER GAIN & NOISE FIGURE 

SHIELD 

I 
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2N3783 thru 2N3785 (continued) 


ELECTRICAL CHARACTERISTICS (t a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Test Conditions 

jjjjjU 

Typ 

Max 

Unit 

Collector-Base 

bv cbo 

Ic - 100 /iAdc, I E = 0 

2N3783, 2N3784 

30 



Vdc 

Breakdown Voltage 

2N3785 

15 

— 



Collector- Emitter 

bv ces 

I c = 100 juAdc, V EB = 0 

2N3783, 2N3784 

30 

| 

g 

Vdc 

Breakdown Voltage 

2N3785 

15 



Collector-Emitter 

bv ceo 

I c = 2 mAdc, Ig = 0 

2N3783, 2N3784 

20 

E 

g 

Vdc 

Breakdown Voltage 


2N3785 

12 

■ 


Emitter-Base 

bv ebo 

I E - 100 MAdc. 1=0 

All Types 

0. 5 



Vdc 

Breakdown Voltage 






! cbo 

V CB = 10 Vdc, I E = 0 

All Types 

m 

a 


MAdc 



V CB = 10 Vdc > ! E = °’ T A = +55 ° C 

2N3783, 2N3784 

n 

Hi 



Emitter Cutoff Current 

! ebo 

V £B = 0.5 Vdc, I c = 0 

All Types 

— 

— 

HEQI 

MAdc 

DC Forward Current 

m 

V CE = 10 Vdc, I c = 3 mAdc 

2N3783, 2N3784 

20 

_ 

200 

_ 

Transfer Ratio 


2N3785 

15 

— 

200 


Collector- Emitter 
Saturation Voltage 


I c = 5.0 mAdc, Ig = 1.0 mAdc 

2N3783, 2N3784 
2N3785 

H 

___ 

0.25 

0.35 

Vdc 

Base-Emitter 


Ic = 5.0 mAdc, Ig = 1.0 mAdc 

2N3783, 2N3784 

9 

■ 

0.55 

Vdc 

Saturation Voltage 

2N3785 

a 

B 

0.65 


Small-Signal Forward 





B 


■g 

Current Transfer Ratio 

h fe 

I c = 3 mAdc, V C£ = 10 Vdc, f = 1 kHz 

2N3783, 2N3784 

20 


200 




2N3785 

15 

B 

200 

1 

Current Gain - 

■1 

I c = 3 mAdc, V CE = 10 Vdc, f = 200 MHz 

2N3783 

800 

_ 

1600 

MHz 

Bandwidth Product 

fjgjjiql 

2N3784, 2N3785 

700 

— 

1600 


Collector-Base 

r b C c 

V CE = 10 Vdc, I E = 3 mAdc, f = 31.8 MHz 

2N3783, 2N3784 

1.0 

n 

6.0 

ps 

Time Constant 


2N3785 

1.0 

■ 

10 

Collector-Base 

c ob 

V CB = 10 Vdc ’ J E = °> f = 100 kHz 

2N3783, 2N3784 

n 

■ 

1.0 

PF 

Capacitance 

2N3785 

9 

B 

1.2 


Power Gain 

| 

V CE = 10 Vdc ’ *C = 3 mA dc, f = 200 MHz 

2N3783, 2N3784 

20 

B 

33 

dB 



2N3785 

18 

B 

33 


Noise Figure 

| 

V CE = ^ Vdc ’ *c = 3 niAdc, f = 200 MHz 

2N3783 

El 

B 


dB 


HI 

Rq = 50 ohms 

2N3784 

2N3785 

E 

H 

aw 


Power Gain (AGC) Note 1 

G e (AGC) 

V CE = 10 Vdc ’ !c = 15 mA dc, f = 200 MHz 

2N3783 

n 



0 

dB 



2N3784, 2N3785 

K 

0 

— 


Noise Figure 

NF 

V CE = 10 Vdc, I p = 3 mAdc, f = 1000 MHz 

2N3783 

§9 



1 

dB 




2N3784 


7.0 





RG = 50 ohms (Note 2) 

2N3785 


7.5 

B 



NOTE 1: AGC is obtained by increasing I c . The circuit remains adjusted for V CE = 10 Vdc and Iq = 3 mAdc. 

NOTE 2: This Noise Figure was obtained using Hewlett-Packard Type 342A Noise Figure Meter and Type 349A Noise Source. 


NORMALIZED DC CURRENT GAIN CHARACTERISTICS 
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INPUT ADMITTANCE (mmhos) y„, INPUT ADMITTANCE (mmhos) Yi.. INPUT ADMITTANCE (mmhos) 


2N3783 thru 2N3785 (continued) 


y„, INPUT ADMITTANCE 
CHARACTERISTICS 

(T a = 25° C unless otherwise noted) 


INPUT ADMITTANCE versus FREQUENCY 



y r . f REVERSE TRANSFER ADMITTANCE 
CHARACTERISTICS 

(T a = 25° C unless otherwise noted) 

REVERSE TRANSFER ADMITTANCE versus FREQUENCY 



INPUT ADMITTANCE versus COLLECTOR CURRENT 



REVERSE TRANSFER ADMITTANCE versus COLLECTOR CURRENT 


0.75 


| 0.50 

s 
§ 

85 


0.25 


■fljB 

B 



B 

B 

■ 


■ 





B 

■ 


B 

■ 


■ 


B 

■ 


B 

B 


B 


B 

■ 


B 

B 


B 


B 

B 


B 

B 


B 


B 


-2 -4 -6 -8 -10 -12 -14 -16 

l c , COLLECTOR CURRENT (mA) 


INPUT ADMITTANCE versus COLLECTOR CURRENT 



REVERSE TRANSFER ADMITTANCE versus COLLECTOR CURRENT 
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y ( „ FORWARD TRANSFER ADMinANCE (mmhos) REVERSE TRANSFER ADMITTANCE (mmhos) Y, e , FORWARD TRANSFER ADMinANCE (mmhos) 


2N3783 thru 2N3785 (continued) 


y fe , FORWARD TRANSFER ADMITTANCE 
CHARACTERISTICS 

(T a - 25° C unless otherwise noted) 




OUTPUT ADMITTANCE 
CHARACTERISTICS 

(Ta = 25° C unless otherwise noted) 


FORWARD TRANSFER ADMITTANCE versus FREQUENCY 




o i i am i a_ i i i ul i i 

50 70 100 200 300 500 700 1000 


f, FREQUENCY (mhz) 



FORWARD TRANSFER ADMITTANCE versus COLLECTOR CURRENT 


OUTPUT ADMITTANCE versus COLLECTOR CURRENT 




2-612 








G., POWER GAtN(dB) MAG(dB) 


2N3783 thru 2N3785 (continued) 


MAG t MAXIMUM NF versus FREQUENCY 


40 


30 


20 


10 


0 


50 




0 I 1 1 1 — 1 — L— I I I I 1 I 

40 50 70 100 200 300 400 500 


f, FREQUENCY (mhz) 


R„ SOURCE RESISTANCE (ohms) 


GAIN versus COLLECTOR CURRENT 



CONTOURS OF CURRENT-GAIN - BANDWIDTH PRODUCT - f T 



2-613 





2N3789 thru 2N3792 (SILICON) 



PNP silicon power transistors for medium-speed 
switching and amplifier applications. Complement 
to NPN type 2N3713 thru 2N3716. 


Collector connected to case 

MAXIMUM RATINGS (T C = 25°C unless otherwise noted) 


Rating 

Symbol 

2N3789 

2N3791 

2N3790 

2N3792 

Unit 

Collector-Base Voltage 

V CB 

60 

80 

Volts 

Collector- Emitter Voltage 

V CEO 

60 

80 

Volts 

Emitter -Base Voltage 

V EB 

7.0 

7.0 

Volts 

Collector Current 

Ic 

10 

10 

Amp 

Collector Current (Peak) 

r c 

10 

10 

Amp 

Base Current (Continuous) 

r B 

4.0 

4.0 

Amp 

Power Dissipation 

P D 

150 

150 

Watts 

Thermal Resistance 

0JC 

1.17 

1.17 

°c/w 

Junction Operating and 

Storage Temperature Range 

T J- T stg 

-65 to +200 

°c 


ELECTRICAL CHARACTERISTICS <T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector -Emitter Sustaining Voltage* 


V CEO(sus)* 



Vdc 

(I c = 200 mAdc, Ig = 0) 

2N3789, 2N3791 

60 

— 


2N3790, 2N3792 


80 

— 


Collector- Emitter Cutoff Current 


! cex 



mAdc 

(V CE = 60 Vdc, V BE = -1. 5 Vdc) 

2N3789, 2N3791 

— 

1.0 


(V CE = 80 Vdc, V BE = -1.5 Vdc) 

2N3790, 2N3792 


— 

1.0 


(V rR = 60 Vdc, V RR = -1.5 Vdc, Tp = 150° C) 

2N3789, 2N3791 


— 

5.0 


(V CE = 80 Vdc, V BE = -1. 5 Vdc, T c = 150°C) 

2N3790, 2N3792 


— 

5.0 


Emitter-Base Cutoff Current 


r EBO 



mAdc 

(V EB = 7 Vdc) 


— 

5.0 


DC Current Gain* 


h* 



— 

(I c = 1 Adc, V CE = 2 Vdc) 

2N3789, 2N3790 

FE 

25 

90 


2N3791, 2N3792 


50 

150 


(I c = 3 Adc, V CE = 2 Vdc) 

2N3789, 2N3790 


15 




2N3791, 2N3792 


30 

— 


Collector-Emitter Saturation Voltage* 


v CE(sat) 



Vdc 

(I c = 4Adc, I B = 0.4 Adc) 

2N3789, 2N3790 

— 

1.0 


(I c = 5 Adc, I B = 0.5 Adc) 

2N3791, 2N3792 


— 

1.0 


Base-Emitter Saturation Voltage* 


V * 

v BE(sat) 



Vdc 

(I c = 4 Adc, I B = 0. 4 Adc) 

2N3789, 2N3790 

— 

2.0 


(I c = 5 Adc, Ig = 0. 5 Adc) 

2N3791, 2N3792 


— 

1.5 


Current Gain — Bandwidth Product 


f_ 



MHz 

( V CE = 10 Vdc, I c = 0. 5 Adc f = 1. 0 MHz) 


T 

4.0 

— 



♦Sweep Test: 1/2 sine wave cycle @ 60 Hz . 
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2N3789 thru 2N3792 (continued) 

TYPICAL SWITCHING TIMES AND TEST CIRCUIT 



0.2 0.3 0.5 0.7 1.0 

l Cl COLLECTOR CURRENT (AMP) 


WAVE SHAPE 
AT POINT A 


VALUES SHOWN FOR 
b = 5 A, l tl = — — 0.5 A 

f~150cps, DUTY CYCLE « 2% 

-30 V 



\ 900 

r kn 

/ UNIT 

X 9008 1 r 

UNDER 

! 

TEST 


100S2 : 

1 10012 

L . 



POWER-TEMPERATURE DERATING CURVE 


T c , CASE TEMPERATURE (°C) 

Safe area curves are indicated. Both limits are applicable and must be observed. 


ACTIVE-REGION SAFE OPERATING AREAS 


2N3789, 2N3791 



2N3790, 2N3792 




V CEl COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Iq - Vcg limits below which the device will not go into secondary 
breakdown. Collector load lines for specific circuits must fall within the applicable Safe Area to avoid 
causing a collector- emitter short. (Duty cycle of the excursion make no significant change in these safe 
areas. ) To insure operation below the maximum Tj, the power-temperature derating curve must be ob- 
served for both steady state and pulse power conditions. 
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f B , BASE CURRENT (mA) l c , COLLECTOR CURRENT (AMP) 


2N3789 thru 2N3792 (continued) 


LARGE SIGNAL CHARACTERISTICS - TYPE 2N3789, 2N3790 

(PULSE TEST.- pulse width - 200 M s, duty cycle - 1%) 


TRANSCONDUCTANCE 


CURRENT GAIN * 




* Dashed line indicates metered base current minus Icbo of the transistor at 175 # C. 


INPUT ADMITTANCE 


SATURATION REGION 



> 1 " a * u- J — Lm i i i 1 1 1 1 1— 1 

0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 

V BE , BASE-EMITTER VOLTAGE (VOLTS) 
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2N 3796 (SILICON) 
2n3797 



Silicon N-channel MOS field-effect transistor de- 
signed for low-power applications in the audio frequency 
range. 


MAXIMUM RATINGS (Ta - 25°C unless otherwise noted) 


Rating 


Value 

Unit 

Drain-Source Voltage 

V DS 


Vdc 

2N3796 

25 


2N3797 


20 


Gate-Source Voltage 

V GS 

±30 

Vdc 

Drain Current 


20 

mAdc 

Power Dissipation at T A = 25°C 

Pd 

300 

mW 

Derate above 25°C 

1.7 

mW/°C 

Operating Junction Temperature 

Tj 

+ 200 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


HANDLING PRECAUTIONS: 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 

3. Do not insert or remove devices from circuits with the power on because transient 
voltages may cause permanent damage to the devices. 


2-619 





























2N3796, 2N3797 (continued) 


ELECTRICAL CHARACTERISTICS '<T a - 2S°C unless otherwise noted) 


* Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Drain-Source Breakdown Voltage 
(V GS = -4.0 V, I D = 5.0 mA) 

2N3796 

bv dsx 

25 

30 

— 

Vdc 

(Vqs= -7.0 V, I D = 5.0 mA) 

2N3797 


20 

25 

— 


Zero-Gate- Voltage Drain Current 
(V DS = 10 V, V GS = 0) 

2N3796 

X DSS 

0.5 

1.5 

3.0 

mAdc 


2N3797 


2.0 

2.9 

6.0 


Gate-Source Voltage Cutoff 
(I D = 0.5 mA, V ds = 10 V) 

2N3796 

V GS(of£) 


3.0 

4.0 

Vdc 

(I D « 2.0 mA, V DS = 10 V) 

2N3797 



5.0 

7.0 


“On" Drain Current 
(Vds* 10 v > V GS - + 3.5 V) 

2N3796 

X D(on) 

7.0 

8.3 

14 

mAdc 


2N3797 


9.0 

14 

18 


Drain-Gate Reverse Current * 

<V DG . 10 V, I s = 0) 

! dgo* 

— 

— 

1.0 

pAdc 

Gate-Reverse Current * 

(Vos * - 10 V. V DS = °> 


x gss* 


___ 

1.0 

pAdc 

(V GS - -10 V, V DS = 0, T A * 150°C) 



— 

— 

200 


Small-Signal, Common-Source Forward Transfer 
(Vds = 10 V, V GS = 0, f = l, o kHz) 

Admittance 

2N3796 

|y* B I 

900 

1200 

1800 

Mmhos 


2N3797 


1500 

2300 

3000 


(V DS = 10 V, V Gg = 0, f = 1.0 MHz) 

2N3796 


900 

— 

— 



2N3797 


1500 

— 



Small-Signal, Common-Source, Output Admittance 
(V DS = 10 V, V Gg - 0, f = 1.0 kHz) 2N3796 

l y os| 

| 

12 

25 

Mmhos 


2N3797 


- 

27 

60 


Small-Signal, Common-Source, Input Capacitance 
(V DS = 1° v > V GS = 0, f = 1.0 MHz) 

2N3796 

c iss 

__ 

5.0 

7.0 

pF 


2N3797 


— 

6.0 

8.0 


Small-Signal, Common-Source, Reverse Transfer Capacitance 
(Vds = io v, V GS = o, t = l. o mhz) 

c 

rss 

— 

0.5 

0.8 

PF 

Noise Figure 

(Vds = 10 V, V G g = 0, f * 1. 0 kHz, Rg = 3 megohms) 

NF 

- 

3. 8 

- 

dB 


* This value of current includes both the FET leakage current as well as the leakage current 
associated with the test socket and fixture when measured under best attainable conditions. 
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Vss. GATE-SOURCE VOLTAGE (VOLTS) | D , DRAIN CURRENT (mA) 


2N3796, 2N3797 (continued) 


TYPICAL DRAIN CHARACTERISTICS 

FIGURE 1 - 2N3796 


FIGURE 2- 2N3797 




COMMON SOURCE TRANSFER CHARACTERISTICS 
FIGURE 3- 2N3796 FIGURE 4- 2N3797 



0.02 0.03 0.05 0.1 0.2 0.3 0.5 10 2.0 3.0 5.0 10 20 

l D , DRAIN CURRENT (mA) 



0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 

l D , DRAIN CURRENT (mA) 
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I y #s l , OUTPUT ADMITTANCE ( M mhos) I y fa l, FORWARD TRANSFER ADMITTANCE (ytxmhos) 


2N3796, 2N3797 (continued) 


FIGURE 5 - FORWARD TRANSFER ADMITTANCE 


FIGURE 6 -AMPLIFICATION FACTOR 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7-0 10 20 

l D , DRAIN CURRENT (mA) 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

l D , DRAIN CURRENT (mA) 


FIGURE 7 -OUTPUT ADMITTANCE 


FIGURE 8 -NOISE FIGURE 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

l 0 , DRAIN CURRENT (mA) 



0.1 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

R$, SOURCE RESISTANCE (megohms) 
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2n3798, in3798A (SILICON) 
2n3799, 2n3799A 


PNP SILICON ANNULAR TRANSISTORS 

. . . designed for low-level, low-noise amplifier applications. 

• High Collector-Emitter Breakdown Voltages — 

BVcEO = 60 Vdc (Min) - 2N3798, 2N3799 

90 Vdc (Min) - 2N3798A, 2N3799A 

• DC Current Gain — @ lc = 500 fiAdc 

hpE = 150-450 - 2N3798, 2N3798A 
300-900 - 2N3799, 2N3799A 

• Low Noise Figure — 

NF = 1.5 dB (Max) @ 1.0 kHz and 10 kHz 


PNP SILICON 
AMPLIFIER 
TRANSISTORS 


"MAXIMUM RATINGS 

Rating 

Symbol 

2N3798 

2N3799 

2N3798A 

2N3799A 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

90 

Vdc 

Collector-Base Voltage 

V CB 

60 

90 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

<C 

50 


Total Device Dissipation @T/^ = 25°C 
Derate above 25°C 

Pd 

0.36 

2.06 


Total Device Dissipation @Tq = 25°C 
Derate above 25°C 

Pd 

1.2 

6.9 


Operating and Storage Junction 
Temperature Range 

T J- T stg 

-65 to +200 

o 

o 

THERMAL CHARACTERISTICS 

Characteristic 



Unit 

Thermal Resistance, Junction to Case 

0JC 

0.15 

°C/mW 

Thermal Resistance, Junction to Ambient 

0JA 


°C/mW 

indicates JEOEC Registered Oata. 
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2N3798, 2N3798A, 2N3799, 2N3799A (continued) 


^ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 

bv ceo 




Vdc 

(l C = 10 mAdc, l B = 0) 2N3798.2N3799 


60 

- 

- 


2N3798A,2N3799A 


90 

- 

- 


Collector-Base Breakdown Voltage 

BVcbO 




Vdc 

(l c = 10 MAdc, l E = 0) 2N3798,2N3799 


60 

- 

- 


2N3798A.2N3799A 


90 

- 



Emitter-Base Breakdown Voltage 

bv EBO 

5.0 

- 

- 

Vdc 

(lE = 10 MAdc, l C = 0) 






Collector Cutoff Current 

•CBO 




MAdc 

(V C B = 50 Vdc, l E = 0) 


- 

- 

0.01 


(Vcb = 50 Vdc, l E = 0, T A = 1 50°C) 


- 

- 

10 


Emitter Cutoff Current 

'ebo 

- 

- 

20 

nAdc 

(V BE = 4.0 Vdc, lc = 0) 







ON CHARACTERISTICS 


DC Current Gain(1 ) 


h FE 




- 

( 1 c = 1 0 MAdc, Vq E - 5.0 Vdc) 

2N3799.2N3799A 


75 

- 

- 


Oc = 10 MAdc, Vce = 5 0 Vdc) 

2N3798,2N3798A 


100 

- 

- 



2N3799.2N3799A 


225 

- 

- 


OC = 100 M Adc, V CE = 5.0 Vdc) 

2N3798,2N3798A 


150 

_ 

- 



2N3799.2N3799A 


300 

- 

- 


Oc = 1 00 M Adc, V C E = 5.0 Vdc, T A = -55°C) 

2N3798,2N3798A 


75 

- 

_ 



2N3799,2N3799A 


150 

- 

- 


Oc = 500 MAdc, Vce = 5.0 Vdc) 

2N3798,2N3798A 


150 

_ 

450 



2N3799,2N3799A 


300 

- 

900 


OC = 1.0 mAdc, V C E = 5 0 Vdc) 

2N3798,2N3798A 


150 

- 

_ 



2N3799,2N3799A 


300 

- 

-- 


Oc - 10 mAdc, Vce = 5.0 Vdc) 

2N3798,2N3798A 


125 

- 

- 



2N3799,2N3799A 


250 

- 



Collector-Emitter Saturation Voltaged) 


VCE(sat) 




Vdc 

Oc = 100 MAdc, l B = 10 MAdc) 



- . 

_ 

0.2 


Oc = 1 0 mAdc, 1 g = 100 MAdc) 



- 

- 

0.25 


Base-Emitter Saturation Voltaged) 


v BE(sat) 




Vdc 

(l c = 100 MAdc, l B = 10 MAdc) 



- 

- 

0.7 


Oc = 1.0 mAdc, l B = 100 MAdc) 



- 

- 

0.8 


Base-Emitter On Voltage 


v BE(on) 

- 

- 

0.7 

Vdc 

Oc = 100 MAdc, Vce = 5.0 Vdc) 








SMALL SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product<2) 

(l C = 500 M Adc, Vce = 5.0 Vdc, f = 30 MHz) 

OC = 1 0 mAdc, Vce = 5.0 Vdc, f = 1 00 MHz) 


30 

100 

- 

500 

MHz 

Output Capacitance 

c ob 

- 

- 

4.0 

PF 

(V C b = 5.0 Vdc, l E = 0,f= 100 kHz) 






Input Capacitance 

C ib 

- 

- 

8.0 

pF 

(V B e = 0.5 Vdc, l c = 0, f = 1 00 kHz) 






Input Impedance 

^ie 




k ohms 

Oc 

= 10 mAdc, Vce = 10Vdc,f = 1.0 kHz) 2N3798.2N3798A 


3.0 

- 

15 



2N3799,2N3799A 


10 

- 

40 


Voltage Feedback Ratio ] 


- 

- 

25 

x io - 4 

Oc 

= 1 .0 mAdc, V C E = 10 Vdc, f = 1 .0 kHz) 






Small-Signal Current Gain j 

hf e 




- 

(>c 

= 1 .0 mAdc, V C e * 1 0 Vdc, f = 1 .0 kHz) 2N3798.2N3798A 


150 

- 

600 



2N3799.2N3799A 


300 

- 

900 


Output Admittance I 

h oe 

5.0 

- 

60 

Mmhos 

('c 

» 1 .0 mAdc, V C e = 10 Vdc, f = 1 .0 kHz) 






Noise Figure i 

NF 




dB 

Oc 

= 100 MAdc, V C E - 10 Vdc, R G = 3.0 k ohms). 







f = 100 Hz, B.W. = 20 Hz 2N3798,2N3798A 


- 

4.0 

7.0 



2N3799,2N3799A 


- 

2.5 

4.0 


Spot 

f = 1 .0 kHz, B.W. = 200 Hz 2N3798.2N3798A 


_ 

1.5 

3.0 


Noise 

2N3799.2N37.99A 


- 

0.8 

1.5 



f = 10 kHz, B.W. = 2.0 kHz 2N3798,2N3798A 


- 

1.0 

2.5 



2N3799.2N3799A 


- 

0.8 

1.5 


Broadband Noise-Bandwidth 10 Hz to 15.7 kHz 2N3798,2N3798A 



2.5 

3.5 



2N3799.2N3799A 


- 

1.5 

2.5 



* Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width <300 ms. Duty Cycle <2.0%. 

(2) f j js defined as the frequency at which |hf e | extrapolates to unity. 
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hFE- DC CURRENT GAIN hFE. DC CURRENT GAIN 


2N3798, 2N3798A, 2N3799, 2N3799A (continued) 


FIGURE 4 - TYPICAL CURRENT GAIN CHARACTERISTICS 
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0.001 0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 


1C. COLLECTOR CURRENT (mAdc) 



0.001 0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 


1C, COLLECTOR CURRENT (mAdc) 
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2n3800 thru 2n3804,A (SILICON) 
2n3805,A, 2n3806 

thru 

2n3810,A, 2n381 1,A 

2n38 1 2 thru 2 n38 1 6/A , 2n38 1 7/A 


DUAL PNP SILICON ANNULAR TRANSISTORS 

. . . specifically designed for differential amplifier applications. 

• Tight hpE Match: 5% 

• High hpE- to 225 (min) @ \q = 10 /iAdc 

• Low Noise: 1 .5 dB (Max) @ 1 .0 kHz and 10 kHz 

• hpE Match Temperature Tracking: from - 55°C to +125°C 

• Tight VgE Match: 1.5mVdc 

• 2N3810 JAN, JTXand 2N3811 JAN, JTX Available 


PNP SILICON 
DIFFERENTIAL 
AMPLIFIERS 


^MAXIMUM RATINGS (each side) 

Rating 

Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current 


Operating and Storage Junction 

Tj» T stg 

-65 to +200 

°C 

Temperature Range 






One 

Both 




Side 

Sides 


Total Device Dissipation @ T/y = 25°C 

P D 




Metal Can (2N3800 thru 2N3804,A 


250 

360 

mW 

2N3805,A 





Derate above 25°C 


1.43 

2.06 

mW/°C 

Metal Can (2N3806thru 2N3810.A, 


500 

600 

mW 

2N381 1 ,A 





Derate above 25°C 


2.86 

3.43 

mW/°C 

Flat Package (2N3812 thru 2N3816.A, 


250 

250 

mW 

2N3817,A 





Derate above 25°C 


1.43 

2.06 

mW/°C 

* Indicates JEDEC Registered Data. 

1 2N3800 thru 2N3804,A 

1 2N3806 thru 2N3810,A 



0.2U9 . 

- 0230 h“ 

. | 0.175 . 1, 


r i k 


SEATING l 
PLANE Mi§ 
0.019 


u.uau o.lOI 


ir - — 0 100T.P 

/■pr-s, 0.200T.P. 

\ - 4 - 5^3 °^ 00 T p 
0029 


>11 Leads Electrically Isolated from Case 



2N3800 thru 2N3804,A 
2 N 3805, A 


2 N 3806 thru 2N3810,A 
2N38 1 1 ,A 


2 N 38 12 thru 2N3816,A 
2N3817,A 


2 N 38 12 thru 2N3816.A 
| 2N3817.A 


* ? 1^ 1 

0.100 1 ~ 5 ! — 

T.P 0.115 I I | . 0.050 

0.160 '■* ^ ^ MAX 


l_ r» 
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2N3800 thru 2IM3804.A, 2N3805,A, 2N3806 thru 2N3810,A, 2N381 1,A, 
2N3812 thru 2N3816.A, 2N3817,A (continued) 


*ELECTRICAL CHARACTERISTICS (each side) (Ta = 25°C unless otherwise noted) 


Characteristic J 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

BVqeo 

60 

- 

Vdc 

(l C = 10 mAdc, Iq = 0) 





Collector-Base Breakdown Voltage 

BVcbO 

60 

- 

Vdc 

(l c = 10/uAdc, l E = 0) 





Emitter-Base Breakdown Voltage 

BV E BO 

5.0 

- 

Vdc 

(l E = 10/uAdc, l c = 0) 





Collector Cutoff Current 

l CBO 



MAdc 

(V CB = 50 Vdc, l E = 0) 


- 

0.01 


(V CB = 50 Vdc, Ie = 0. T a = 1 50°C) 


- 

10 


Emitter Cutoff Current 

'ebo 



nAdc 

< v BE(off)= 4 0 v dc, l c = 0) 


- 

20 



ON CHARACTERISTICS 


DC Current Gain (1) 

hFE 



- 

(l c = 1.0 MAdc, V CE = 5.0 Vdc) 





2N3801 ,3,5,A,7,9,1 1 ,A,13,1 5,1 7, A 


75 

- 


(Iq = 10 MAdc, Vq E = 5.0 Vdc) 





2N3800,2,4,A,6,8,1 0,A,1 2,14,1 6, A 


100 

- 


2N3801 ,3, 5, A, 7, 9,1 1 ,A, 13, 15,1 7, A 


225 

- 


(Iq = 100 MAdc, V CE = 5.0 Vdc) 





2N3800,2,4,A, 6,8,1 0,A,1 2,14.16,A 


150 

450 


2N3801 ,3,5,A,7,9,1 1 ,A,1 3,1 5,1 7,A 


300 

900 


(Iq = 100 MAdc, V CE = 5.0 Vdc, T A = -55°C) 





2N3800,2,4,A, 6,8.1 0,A,1 2,14,16, A 


75 

- 


2N3801 ,3,5,A, 7,9,1 1 ,A,1 3,1 5,1 7, A 


150 

- 


(l C = 500 MAdc, V CE - 5.0 Vdc) 





2N3800,2,4,A,6,8, 1 0,A , 1 2, 1 4,1 6, A 


150 

450 


2N3801,3,5,A,7,9,1 1, A, 13, 15, 17, A 


300 

900 


(l C = 1.0 mAdc, V CE = 5.0 Vdc) 





2N3800,2,4,A,6,8,1 0,A,1 2,1 4, 1 6, A 


150 

450 


2N3801 ,3, 5, A, 7,9,1 1 ,A,13,1 5,1 7,A 


300 

900 


(l c = 10 mAdc, V CE = 5.0 Vdc) 





2N3800,2,4,A,6,8,10,A,12,14,16,A 


125 

- 


2N3801 ,3,5,A,7,9,1 1 , A, 1 3,1 5, 1 7, A 


250 

- 


Collector-Emitter Saturation Voltage (1) 

v CE(sat) 



Vdc 

(Iq = 100 MAdc, l B = 10 MAdc) 


- 

0.2 


(Iq = 1.0 mAdc, l B = 100 MAdc) 


- 

0.25 


Base-Emitter Saturation Voltage (1) 

v BE(sat) 



Vdc 

(Iq = 100 MAdc, l B = 10 MAdc) 


- 

0.7 


(Iq = 1.0 mAdc, l B = 100 MAdc) 


- 

0.8 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l C = 100 MAdc, V CE = 5.0 Vdc) 


- 

0.7 



SMALL-SIGNAL CHARACTERISTICS 


Current Gain — Bandwidth Product 

(Iq = 500 MAdc, V CE = 5.0 Vdc, f = 30 MHz) 

(Iq = 1.0 mAdc, V CE = 5.0 Vdc, f = 100 MHz) 


30 

100 

500 

MHz 

Output Capacitance 

Cob 



pF 

(V CB = 5.0 Vdc, l E = 0, f = 100 kHz) 


- 

4.0 


1 nput Capacitance 

c ib 

_ 

8.0 

PF 

(V B E(off) = 0.5 Vdc, l C = 0, f = 100 kHz) 





Input Impedance 

h ie 



mamm 

(Iq =1.0 mAdc, Vq E = 10 Vdc, f = 1.0 kHz) 




II 

2N3800,2,4,A,6,8,1 0,A,1 2,14,16, A 




■ 

2N3801 ,3, 5, A, 7,9,1 1 ,A,1 3,1 5,1 7,A 




■ ■ 

Voltage Feedback Ratio 

hre 

- 



(Iq = 1.0 mAdc, Vq E = 10 Vdc, f = 1.0 kHz) 





Small-Signal Current Gain 

hfe 



- 

(l c = 1.0 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 





2N3800,2,4,A,6,8,1 0,A,1 2,1 4, 1 6, A 


150 

600 


2N3801 ,3,5,A,7,9,1 1 ,A,13,1 5,1 7, A 


300 

900 
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2N3800 thru 2N3804.A, 2N3805 ,A, 2N3806 thru 2N3810,A, 2N381 1,A 
2N3812 thru 2N3816.A, 2N3817,A (continued) 


Characteristic 


Symbol | Min | Max j Unit ~| 


SMALL-SIGNAL CHARACTERISTICS (continued) 


Output Admittance 

h oe 

5.0 

60 

/nmhos 

<IC = 10 mAdc, V CE = 10 Vdc, f = 1 .0 kHz) 





Noise Figure 

NF 



dB 

(Ic = 100 /uAdc, Vc E = 10 Vdc, Rq = 3.0 k ohms 





/f = 100 Hz, BW = 20 Hz 2N3800, 2,4,A,6,8,10,A,12,14,16,A 


- 

7.0 


1 2N3801,3,5,A,7,9,11.A, 13,15,17, A 


- 

4.0 


Spot / f = 1 o kHz BW = 2.o kHz 2N3800,2,4,A,6,8,10,A,12,14,16,A 

N °' Se 1 2N 380 1,3,5, A, 7,9,1 1, A, 13, 15, 17, A 


- 

3.0 



- 

1.5 


\f = 10 kHz, BW = 200 Hz 2N3800,2,4.A,6,8,10,A,12,14,16,A 


- 

2.5 


2N 3801,3,5, A,7,9,11,A, 13,15, 17,A 



1.5 


Broadband Noise Bandwidth 2N3800,2,4,A,6,8,10,A, 12,14, 16,A 



3.5 


10 Hz to 15.7 kHz 2N3801,3, 5,A, 7,9,1 1.A. 13,15, 17,A 


- 

2.5 



MATCHING CHARACTERISTICS 


DC Current Gain Ratio (2) 

(l C = 100 MAdc, V CE = 5.0 Vdc) 2N3802,3,8,9,14,15 

2N3804, 5,10,1 1,16,17 

2N3804A,5A,10A,1 1 A,16A,17A 
(1 c = 100 MAdc, V^ E = 50 Vdc, T A = -55 to +125°C) 

2N3804A,5A,10A,1 1 A,16A,17A 

h FEl/ h FE2 

0.8 

0.9 

0.95 

0.85 

o boo 


Base Voltage Differential 

iv BE1-VbE2* 



mVdc 

(l C = 10 MAdc to 10 mAdc, V CE = 5.0 Vdc) 





2N3802,3,8,9, 1 4, 1 5 


- 

8.0 


2N3804,A.5,A, 1 0,A, 1 1 ,A, 1 6, A, 1 7, A 


- 

5.0 


(l C = 100 MAdc, V CE = 5.0 Vdc) 2N3802,3,8,9, 14,15 


- 

5.0 


2N3804,5,10,1 1,16,1 7 


- 

3.0 


2N3804A,5A,10A,1 1 A,16A,17A 


- 

1.5 


Base Voltage Differential Gradient 

a|V BE i-V BE2 I 



mVdc 

(l C = 100 MAdc, V CE = 5.0 Vdc, T A = -55 to +25°C) 





2N3802,3,8,9, 14,15 


- 

1.6 


2N3804,5,1 0,1 1,16,17 


- 

0.8 


2N3804A,5A,10A,1 1 A,16A,17A 


- 

0.4 


(l C = 100 MAdc, V CE = 5.0 Vdc. T A = +25 to +125°C) 





2N3802,3,8,9, 14,15 


- 

2.0 


2N3804.5, 1 0, 1 1 , 1 6, 1 7 


- 

1.0 


2N3804A,5A,10A,1 1 A,16A,17A 


- 

0.5 



•Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width ^300 ms, Duty Cycle ^2.0%. 

(2) The lowest hpp reading is taken as hp E -j for this ratio. 


SPOT NOISE FIGURE (V C e = 10 Vdc, T A = 25°C) 


FIGURE 1 -SOURCE RESISTANCE EFFECTS, f= 1.0 kHz 


FIGURE 2 -SOURCE RESISTANCE EFFECTS.f = 10 Hz 



100 200 500 1.0 k 2.0 k 5.0 k 10 k 20 k 50 k 100 k 



100 200 500 1.0 k 2.0 k 5.0 k 10 k 20 k 50 k 100 k 


RS, SOURCE RESISTANCE (OHMS) 
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RS, SOURCE RESISTANCE (OHMS) 










hf£, DC CURRENT GAIN hfE. DC CURRENT GAIN NOISE FIGURE (dB) 


2N3800 thru 2N3804,A, 2N3805,A, 2N3806 thru 2N3810,A, 2N3811,A 
2N3812 thru 2N3816A 2N3817,A (continued) 


FIGURE 3 - SPOT NOISE FIGURE 



10 20 30 50 100 200 300 500 1.0 k 2.0 k 3.0 k 5.0 k 10 k 20 k 30 k 50 k 100 k 


f, FREQUENCY (Hz) 


FIGURE 4 - TYPICAL CURRENT GAIN CHARACTERISTICS 



0.001 0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 


1C, COLLECTOR CURRENT (mA) 

FIGURE 5 - TYPICAL CURRENT GAIN CHARACTERISTICS 



0.001 0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 


1C, COLLECTOR CURRENT (mA) 


2-630 




2n3818 (SILICON) 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


15 W- 100 MHz 
RF POWER 
TRANSISTOR 
NPN SILICON 


. . . designed for applications to 150 MHz. 

• High Collector-Emitter Sustaining Voltage — 

VCE(sus) = 80 Vdc (Min) 

• Power Output — 

Pout = 15 Watts at 100 MHz 

• Power Gain — 

Gpe = 7.0 dB (Typ) at 100 MHz with 15 Watts RF Power 
Output 



MAXIMUM RATINGS (Note 1) 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CES 

60 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

•c 

2.0 

Adc 

Base Current - Continuous 

>B 

1.0 

mAdc 

Total Device Dissipation @ Tc = 25°C 

Pd 

25 

Watts 

Derate above 25°C 


167 

mW/°C 

Operating and Storage Junction 

TjTstg 

-65 to +175 

°C 

Temperature Range 



Power Input (Nominal) 

p in 

5.0 

Watts 

Power Output (Nominal) 

1 p out 

20 

Watts 


Note 1. The maximum ratings as given for dc conditions can be exceeded on a pulse 
basis. See electrical characteristics. 


0 424 0-360 
0437 0.437 
I DIA 


r </ 20 ^ 
( -01 -1- 3Q, 


COLLECTOR 


I 0320 r" OT 

0.360 , 

DIA '“H 0 030 


0.355 

0.480 

* -±“ 

— U — 

j — i- 





I cx 


Y^JMAX °-320 

0.375 

1 t 

L0.078 

MAX 

pL-h 

0/1 63 f f / 

0.189 

SEATING./ 

0.455 

L 


PLANE 

'*^-10-32 UNF 2A 


To convert inches to millimeters multiply by 25.4 
All JEDEC dimensions and notes apply 
STYLE 1 . All leads isolated from case 
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2N3818 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining VoltageU ) 

(l C = 0.25 Adc, l B = 0) 

VCEO(sus) 

40 

- 


Vdc 

Collector-Emitter Sustaining Voltage! 1) 

(l C - 0.25 Adc, R B E = 0) 

v CES(sus) 

80 



Vdc 

Collector-Emitter Current 
(V C E = 60 Vdc, V BE = 0) 

(V C E = 50 Vdc, V BE = 0, T C = 175°C) 

m 

- 

: 

Hi 

mAdc 

Collector Cutoff Current 
(V C b = 50 Vdc, l E = 0) 


— 

■ 

1.0 

/uAdc 

Emitter Cutoff Current 
(V EB = 4.0 Vdc, l C = 0) 



" 




ON CHARACTERISTICS 


DC Current Gain 
(l c = 400 mAdc, V C E = 2.0 Vdc) 

(l C = 1 .0 Adc, V C E = 2.0 Vdc) 


1 

- 

B 


Collector-Emitter Saturation Voltage 
(l C = 1.0 Adc, l B = 250 mAdc) 


_ 


_ 


Base-Emitter Saturation Voltage 
(l c = 1.0 Adc, l B = 250 mAdc) 




2.0 

IIKSH 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(V C E = 2.0 Vdc, l C = 400 mAdc, f = 50 MHz) 

*T 




MHz 

Output Capacitance 
(V CB = 25 Vdc, l E = 0. f = 100 kHz) 





pF 


Power Input 

Test Circuit Figure 5 

( p out = 15 W, f = 100 MHz, V C E = 25 Vdc, 
lc(max) = 1.0 Adc) 

^in 

- 

3.0 

3.75 

Watts 

Efficiency 

n 

60 

70 



% 


(l)Pulse Test: Pulse Width <100 /us. Duty Cycle = 2.0%. 

















Pout, OUTPUT POWER (WATTS) Pout, OUTPUT POWER (WATTS) 


2N3818 (continued) 


FIGURE 1 - OUTPUT POWER versus FREQUENCY FIGURE 2 - OUTPUT CHARACTERISTICS 

versus INPUT POWER 



f, FREQUENCY (MHz) Pj n , IN PUT POWER (WATTS) 


FIGURE 3 - OUTPUT POWER versus COLLECTOR VOLTAGE 


FIGURE 4 - OUTPUT POWER versus INPUT POWER 




0 1.0 2.0 3.0 4.0 5.0 


Pin, INPUT POWER (WATTS) 


FIGURE 5 - TEST CIRCUIT 
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lc, COLLECTOR CURRI 





2n3821 (SILICON) 

2n3822 

2n3824 


SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 

. . designed for audio amplifier, chopper and switching applications. 

Drain and Source Interchangeable 

Low Drain-Source Resistance — 

r ds(on) ^ 250 Ohms (Max) — 2N3824 
Low Noise Figure — NF = 5.0 dB (Max) — 2N3821, 2N3822 
High AC Input Impedance — Cj ss = 6.0 pF (Max) 

High DC Input Resistance - IqsS = 0.1 nA (Max) 

Low Transfer Capacitance — C rss = 3.0 pF (Max) 

2N3821 JAN and 2N3822 JAN also Available 


N-CHANNEL 

JUNCTION 

FIELD-EFFECT 

TRANSISTORS 

SYMMETRICAL 
(Type A) 


^MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

Vds 

50 

Vdc 

Drain-Gate Voltage 

V DG 

50 

Vdc 

Gate-Source Voltage 

V GS 

-50 

Vdc 

Drain Current 

‘d 

10 

mAdc 

Total Device Dissipation @T/\ = 25°C 
Derate above 25°C 

Pd 

300 

2.0 

mW 

mW/°C 

Operating Junction Temperature 

Tj 

175 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 

‘Indicates JEDEC Registered Data. 






°0Z§ D 

0.195 


STYLE 1 

PIN t. SOURCE 

2. 0RAIN 

3. GATE 

4. CASE LEAD 


1 


0.170 

0.210 


0.016 n 
0.019 U 


0.500 

MIN 


H — 0.100 



To convert inches to millimeters multiply by 25.4 
All JED EC dimensions and notes apply 


CASE 20 
TO-72 




2N3821, 2N3822, 2N3824 (continued) 


^ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(l G = -1 0 A*Adc, Vqs = 0) 

V (BR)GSS 

-50 

- 

Vdc 

Gate Reverse Current 


<GSS 



nAdc 

(V GS = -30 Vdc, V DS = 0) 




-0.1 


(Vqs = -30 Vdc, V DS = 0, T A = 1 50°C) 




-100 


Gate-Source Cutoff Voltage 
(Iq = 0.5 nAdc, V DS = 15 Vdc) 

2N3821 

2N3822 

v GS(off) 

- 

o o 

Vdc 

Gate-Source Voltage 

( 1 D = 50 ju Adc, V ds = 1 5 Vdc) 

2N3821 

v G s 

-0.5 

-2.0 

Vdc 

(1 d = 200 juAdc, Vq S = 1 5 Vdc) 

2N3822 


-1.0 

-4.0 


Drain Cutoff Current 


'D(off) 



nAdc 

(V DS = 15 Vdc, V G S = -8-0 Vdc) 

2N3824 


0.1 


(V DS = 15 Vdc, V GS = -8.0 Vdc, T A = 150°C) 

2N3824 


- 

100 



ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current! D 

•dss 



mAdc 

(V DS = 15 Vdc, V GS = 0) 2N3821 


0.5 

2.5 


2N3822 


2.0 

10 



DYNAMIC CHARACTERISTICS 


Forward Transfer Admittance 
(V DS = 15 Vdc, V GS = 0, f= 1 .0 kHz)(1 ) 

(V DS = 15 Vdc, V G s = 0, f = 100 MHz) 

2N3821 

2N3822 

2N3821 

2N3822 

Ivfsl 

1500 

3000 

1500 

3000 

4500 

6500 

/umhos 

Output AdmittanceU) 


IyosI 



jumhos 

(V DS = 15 Vdc, V GS = 0, f = 1 .0 kHz) 

2N3821 


- 

10 



2N3822 


- 

20 


Drain-Source Resistance 


r ds(on) 



Ohms 

(V G s = 0, l D = 0, f = 1.0 kHz) 

2N3824 


- 

250 


Input Capacitance 


Cjss 

- 

6.0 

pF 

(V DS = 15 Vdc, V G s = 0, f = 1.0 MHz) 






Reverse Transfer Capacitance 


c rss 



PF 

(V DS = 15 Vdc, V GS = 0, f = 1.0 MHz) 

2N3821 


- 

3.0 



2N3822 


- 

3.0 


(V GS = -8.0 Vdc, V DS = 0, f = 1 .0 MHz) 

2N3824 


- 

3.0 


Average Noise Figure 


NF 



dB 

(Vqs = 15 Vdc, V G 5 = 0, Rg =1.0 megohm. 

2N3821 , 2N3822 


- 

5.0 


f = 10 Hz, Noise Bandwidth = 5.0 Hz) 






Equivalent Input Noise Voltage 


e n 



nv/Hz 1/z 

(V D S = 15 Vdc - V GS = 0, f = 10 Hz, 

2N3821 , 2N3822 


- 

200 


Noise Bandwidth = 5.0 Hz) 







* Indicates JEDEC Registered Data. 

(l)Pulse Test: Pulse Width <100 ms, Duty Cycle <10%. 
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2n3823 (SILICON) 


SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 

. . designed for VHF amplifier and mixer applications. 

Low Cross-Modulation and Intermodulation Distortion 

Drain and Source Interchangeable 

Low 100-MHz Noise Figure — 2.5 dB (Max) 

Low Transfer and Input Capacitances — 

Crss = 2.0pF (Max) 

C j ss = 6.0 pF (Max) 

2N3823JAN also Available 


N-CHANNEL 

JUNCTION 
FIELD-EFFECT 
TRANSISTOR 
SYMMETRICAL 
(Type A) 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

30 

Vdc 

Drain-Gate Voltage 

V DG 

30 

Vdc 

Gate-Source Voltage 

V GS 

-30 

Vdc 

Gate Current 

>G 

10 

mAdc 

Total Device Dissipation @T/\ = 25°C 
Derate above 25°C 

PD 

300 

2.0 

mW 

mW/°C 

Operating Junction Temperature 

Tj 

175 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 







0JL8 

0.195 


STYLE 1 

PIN 1. SOURCE 

2. DRAIN 

3. GATE 

4. CASE LEAD 


0,209 

0.230 


r 


0.170 

0.210 


0.016 „ 
0.019 u 


— 0.100 



M26 _ , 
0.045 


To convert inches to millimeters multiply by 25.4 
All JEDEC dimensions and notes apply 


CASE 20 
TO-72 
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2N3823 (continued) 


^ELECTRICAL CHARACTERISTICS = 25°C unless otherwise noted) 


Characteristic 


Symbol Min Max Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
<I G = -1-0 M Adc, V DS = 0) 

V (BR)GSS 

-30 

- 

Vdc 

Gate Reverse Current 
(Vqs = -20 Vdc, V DS = 0) 

(Vqs = -20 Vdc, V DS = 0, T A = 1 50°C) 

*GSS 

- 

-0.5 

-500 

nAdc 

Gate-Source Cutoff Voltage 
(ID = 0.5 nAdc, Vqs = 15 Vdc) 

v GS(off) 

- 

-8.0 

Vdc 

Gate-Source Voltage 
(l D = 0.4 mAdc, V DS = 15 Vdc) 

V GS 

-1.0 

-7.5 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain CurrentO) 

>DSS 

4.0 

20 

mAdc 

(V DS = 15 Vdc, V GS = 0) 






DYNAMIC CHARACTERISTICS 


Forward Transfer Admittance 
(V DS = 15 Vdc, Vqs = 0, f = 1.0 kHz)d) 

Ivfsl 

3500 

6500 

/umhos 

(V DS = 15 Vdc, Vqs = 0, f = 200 MHz) 


3200 

- 


Input Conductance 

(Vqs = 15 Vdc, Vqs = 0, f = 200 MHz) 

Re(y is ) 

- 

800 

jumhos 

Output Conductance 
(Vqs = 15 Vdc, Vqs = 0, f = 1.0 kHz)(1) 

lYosI 

_ 

35 

nzmhos 

(Vqs = 15 Vdc, Vqs = 0, f = 200 MHz) 

Re(y os ) 

- 

200 


Input Capacitance 

(V DS = 15 Vdc, Vqs = 0, f = 1.0 MHz) 

Cjss 

- 

6.0 

pF 

Reverse Transfer Capacitance 
(V DS = 15 Vdc, V G S = 0, f = 1.0 MHz) 

c rss 

- 

2.0 

pF 

Common-Source Spot Noise Figure 
(V DS = 15 Vdc, Vqs = 0, R S = 1000 ohms, f = 100 MHz) 

NF 

- 

2.5 

dB 


’Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width = 100 ms. Duty Cycle <10%. 
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2n3838 (SILICON) 

12 4 5 


PNP 


9 7 

Pin Connections, Bottom View 




Case 610-02 

NPN-PNP complementary pair silicon annular 
transistor designed for switching and general purpose 
amplifier applications. 


MAXIMUM RATINGS (each side) (T a = 25 °C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

CEO 

40 

Vdc 

(Applicable from 0 to 10 mAdc) 




Collector -Base Voltage 

V CB 

60 

Vdc 

Emitter -Base Voltage 

V EB 

5. 

0 

Vdc 

Collector Current — Continuous 

r c 

600 

mAdc 

Operating Junction Temperature Range 

T J 

-65 to +175 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 



One 

Both 




Side 

Sides 


Total Device Dissipation @T^ = 25° C 

P D 

0.25 

0.35 

Watt 

Derate above 25° C 


1. 67 

2.34 

mW/°C 

Total Device Dissipation @T^, = 25° C 

P D 

0.7 

1.4 

Watt 

Derate above 25° C 


4.67 

9.34 

mW/°C 


FIGURE 1 — TURN-ON TIME TEST CIRCUIT 


INPUT o- 

Z in = 50 n 
t P ^ 1.0 ns 
PW ^ 400 ns 
Duty Cycle ^ 2.0% 


^50 n 



V J", 

0 — 


(Reverse voltage 
polarities when 
testing the PNP 
unit.) 


FIGURE 2 - TURN-OFF TIME TEST CIRCUIT 


FIGURE 3 - COLLECTOR-EMITTER NONLATCHING 
VOLTAGE TEST CIRCUIT 


V,, ^ -11.4 V 
Adjust for voltages 
shown for point ‘‘A’’. 

5/ 

INPUT o-* — | 

Zj„ = 50 n l 

t r ^ 10 ns S 50 » 

PW g 10 (.1$ ± 

Duty Cycle S 2.0% ~ 



10 % 

90% 



Monitor to ensure 
that V C e « V cc 
after pulse is 
completed 
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2N3838 (continued) 


ELECTRICAL CHARACTERISTICS (each side) (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage HI 

bv ceo 



Vdc 

(I c = 10 mAdc, I B = 0) 

40 

- 


Collector-Emitter Nonlatching Voltage (Figure 3)t 

V CEO(NL) t 



Vdc 

(I C(on) = 600 mAdc > Von) = 120 mAdc > [ B(off) = °> 

40 

- 


Collector-Base Breakdown Voltage 

bv cbo 



Vdc 

(I c = 10 MAdc, I E = 0) 

60 

- 


Emitter-Base Breakdown Voltage 

bv ebo 



Vdc 

(I E = 10 M Adc, I c = 0) 

5.0 

- 


Collector Cutoff Current 

! cev 



MAdc 

(V CE = 50Vd c , V BE(off> = 0.5Vdc) 

- 

0.01 


(V CE = 50 Vdc, V BE(off) = 0. 5 Vdc, T A = 150°C) 


- 

10 


Emitter Cutoff Current 

! ebo 



nAdc 

( v be =3.0 Vdc, I c =0) 

" 

10 


Base Cutoff Current 

! bev 



nAdc 

< v CE= 50vdc > v be ( o££) =0 ' 5vdc) 

* 

10 



ON CHARACTERISTICS 


DC Current Gain 
(I c = 0. 1 mAdc, V CE = 10 Vdc) 

(I c = 1.0 mAdc, V CE = 10 Vdc) 

(I c = 10 mAdc, V CE = 10 Vdc) 

(I„ = 150 mAdc, V^ = 10 Vdc)* 1 ! 

t US 

(I c = 150 mAdc, V^ E =1.0 Vdc) (1) 

h FE 

35 

50 

75 

100 

50 

300 


Collector-Emitter Saturation Voltage HI 
(I c = 150 mAdc, I B = 15 mAdc) 

V CE(sat) 

- 

0.4 

Vdc 

Base-Emitter Saturation Voltage 1 (1) 

(1^ = 150 mAdc, I B = 15 mAdc) 

V BE(sat) 

0.85 

1.3 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current -Gain— Bandwidth Product 
(I c = 20 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

200 

- 

MHz 

Output Capacitance 
( V cb = 1° Vdc, I E = 0, f = 140 kHz) 

C ob 

- 

8.0 

pF 

Input Impedance 

(I c = 1. 0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

h. 

le 

1. 5 

9.0 

k ohm 

Small -Signal Current Gain 
(I c = 1. 0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

K 

fe 

60 

300 

- 

Output Admittance 

(I c = 1.0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

h 

oe 

- 

50 

Mmho 

Noise Figure 

(I c = 100 pAdc, V CE = 10 Vdc, R g = 1. 0 k ohm, f = 1. 0 kHz) 

NF 

- 

8.0 

dB 

Delay Time 

(V cc =10Vdc, V BE(off) =0Vdc, 

I c = 150 mAdc, I B1 =15 mAdc, Figure 1) 

‘ d 

- 

10 

ns 

Rise Time 

‘r 

- 

40 

ns 

Storage Time 

(V cc = 10 Vdc, I c = 150 mAdc, 

X B1 = r B2 = 15 mAdc ’ F^ 1,6 2 ) 

l s 

- 

250 

ns 

Fall Time 

‘f 

- 

90 

ns 


(l)Pulse Test: Pulse Width ^ 300 jus, Duty Cycle = 2. 0%. 


t The highest value of collector supply voltage that may be safely used with a resistive load switching circuit in which 
the collector current is 600 mAdc. 
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2n3866 (SILICON) 


NPN silicon transistor, designed for amplifier, fre- 
quency-multiplier, or oscillator applications in mili- 
tary and industrial equipment. Suitable for uses as out- 
put, driver, or pre-driver stages in VHF and UHF 
equipment. 


MAXIMUM RATINGS (T/\ = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter 

v CEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

55 

Vdc 

Emitter-Base Voltage 

V EB 

3.5 

Vdc 

Collector Current 

'c 

0.4 

Amp 

Total Device Dissipation @Tc = 25 0 C 

pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj,T stg 

-65 to +200 

°c 


2n3866A 


CASE 

(TO-2 

Collector connected to case 



ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l C = 5.0 mAdc, R BE = 10 ohms) 

bvcer 

55 

- 

- 


Collector-Emitter Sustaining Voltage 

(l c = 5.0 mAdc, l B = 0) 

BVcEO(sus) 


— 

— 


Collector-Base Breakdown Voltage 
(l E = 0/ lc = 0-1 mAdc) 

BVcbO 

55 

— 



Emitter-Base Breakdown Voltage 
(l E = 0.1 mAdc, l c = 0) 

bv EBO 


- 

— 


Collector Cutoff Current 
(V C e = 28 Vdc, I b = 0) 

'CEO 

- 

— 

20 


Collector Cutoff Current 

( V C e = 55 Vdc, V BE = 1.5 Vdc) 


- 

- 




ON CHARACTERISTICS 


DC Current Gain 

Oc = 0.36 Adc, V CE = 5.0 Vdc) 

(1C = 0.05 Adc, V CE = 5.0 Vdc) 2N3866 
dC = 50 mAdc, V CE = 5.0 Vdc) 2N3866A 

H 

H 


| 


Collector-Emitter Saturation Voltage 
(l c = 100 mAdc, l B = 20 mAdc) 

nm 

■ 

■ 




DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

( 1 c = 50 mAdc, Vq E = 15 Vdc, f = 200 MHz) 2N3866 

2 N 3866 A 

h 

500 

800 

800 

- 

MHz 

Output Capacitance 

(V C b = 30 Vdc, l E = 0,f = 1.0 MHz) 

^ob 

— 

2.0 

3.0 

pF 


FUNCTIONAL TEST 


Power Gain 

T est Circuit-Figure 1 

P in = 0.1 W, V CE = 28 Vdc 
f = 400MHz,T C = 25°C 

Gpe 

10 

- 

- 

dB 

Power Output 

B out 

1.0 

- 

- 

Watts 

Collector Efficiency 

V 

45 

- 

- 

% 
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2N3866, 2IM3866A (continued) 


FIGURE 1 -400 MHz RF AMPLIFIER CIRCUIT FOR POWER-OUTPUT TEST 



FIGURE 2 - POWER OUTPUT versus FREQUENCY 
(Class 0 


FIGURE 4- PARALLEL INPUT RESISTANCE AND 
CAPACITANCE versus FREQUENCY (Class 0 




f, FREQUENCY FMHz) 


FIGURE 3 - POWER OUTPUT versus POWER INPUT 
(Class C) 


FIGURE 5 - PARALLEL OUTPUT CAPACITANCE 
versus FREQUENCY (Class 0 



Pi., POWER INPUT ImW) 


f, FREQUENCY (MHz) 
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2N3866, 2N3866A (continued) 


FIGURE 6 - SMAU-SIGNAL CURRENT GAIN 
versus FREQUENCY 



FIGURE 7 - OUTPUT CAPACITANCE 



»c, COLLECTOR-BASE VOLTAGE (Vic) 



0 20 40 60 80 100 

l c , COLLECTOR CURRENT (mAdc) 


FIGURE 9 - r b ' C c versus COLLECTOR CURRENT 





f = 3 

.8 MHz 













■■m3 





15 Vdc 









0 « — j 1 1 1 1 

0 10 20 30 40 50 


l c , COLLECTOR CURRENT (mAdc) 


FIGURE 10 — DC CURRENT GAIN 
versus COLLECTOR CURRENT 
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2N3866, 2N3866A (continued) 

y PARAMETER VARIATIONS 


FIGURE 11 -SMALL-SIGNAL INPUT ADMITTANCE 
versus COLLECTOR CURRENT 



FIGURE 13 — SMALL-SIGNAL FORWARD TRANSFER 
ADMITTANCE versus COLLECTOR CURRENT 



FIGURE 12 — SMALL-SIGNAL REVERSE TRANSFER 
ADMITTANCE versus COLLECTOR CURRENT 


V C e= lOVdc 

V CE = 15 Vdc 

f = 200 MHz 



0 1 1 I I I I I 1 L . * fe J I 

0 20 40 60 80 100 

l c . COLLECTOR CURRENT (mAdc) 


FIGURE 14 - SMALL-SIGNAL OUTPUT ADMITTANCE 
versus COLLECTOR CURRENT 
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DESIGN NOTE 

Figures 11 through 18 show small-signal admittance-parameter data. This data can be used for 
Class A amplifier designs. 


For Class C power-amplifier designs, the small-signal parameters are not applicable. Figures 4 and 
5 give parallel output capacitance and the parallel input resistance and capacitance for Class C power- 
amplifier operation. 


The parallel resistive portion of the collector load impedance for a power amplifier, R L \ may be 
computed by assuming a peak voltage swing equal to V cc , and using the expression 



where P — RF power output. The computed R L ' may then be combined with the data in Figures 2 and 
3 to comprise complete device impedance data for Class C power amplifier design. 
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2n3870 thru 2n3873 (SILICON) 
2n3896 thru 2n3899 
2n6171 thru 2 n6 174 


Advance Information 


THYRISTORS 

SILICON CONTROLLED RECTIFIERS 

. . . designed for industrial and consumer applications such as power 
supplies, battery chargers, temperature, motor, light and welder 
controls. 

• Economical for a Wide Range of Uses 

• High Surge Current — IjSM = 350 Amp 

• Practical Level Triggering and Holding Characteristics — 

10 mA (Typ) @ T C = 25°C 

• Rugged Construction in Either Pressfit, Stud or Isolated 

Stud Package 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

‘Repetitive Peak Reverse Blocking Voltage (1) 

VdRM 


Volts 

(Tj = -40 to + 100°C) 




1 /2 Sine Wave, 50 to 400 Hz, Gate Open 




2N3870, 2N3896, 2N6171 


100 


2N3871, 2N3897, 2N6172 


200 


2N3872, 2N3898, 2N6173 


400 


2N3873, 2N3899, 2N6174 


600 


‘Non-Repetitive Peak Reverse 

VrSM 


Volts 

Blocking Voltage 
(t < 5.0 ms) 




2N3870, 2N3896, 2N6171 


150 


2N3871, 2N3897, 2N6172 


330 


2N3872, 2N3898, 2N6173 


660 


2N3873, 2 N 3899, 2N6174 


700 


‘Forward Current AVG 

'T(AV) 


Amp 

(T C = -40 to +65°C) 


22 


(+85°CI 


11 


‘Peak Surge Current 

>TSM 

350 

Amp 

(One cycle, 60 Hz) <T C * +65°C) 




Circuit Fusing Considerations 

|2 t 

435 

A2s 

(T j = - 40 to + 1 00°C) 

(t = 1.0 to 8.3 ms) 




‘Peak Gate Power 

P GM 

20 

Watts 

‘Average Gate Power 

P G(AVG) 

0.5 

Watt 

‘Peak Forward Gate Current 

<GFM 

2.0 

Amp 

Peak Gate Voltage 

V GM 

10 

Volts 

"Operating Junction Temperature 

Tj 

-40 to +100 

°C 

Range 




‘Storage Temperature Range 

T stg 

-40 to +150 

°C 

Stud Torque 2N3896 thru 2N3899 

2N6171 thru 2N6174 


30 

in. lb. 


•THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 


°C/W 

2N3870 thru 2N3873, 2N3896 thru 2N3899 


0.9 


2N6171 thru 2N6174 


1.0 



‘Indicates JEDEC Registered Data. 

U) Ratings apply for zero or negative gate voltage. Devices shall not have a positive bias 
applied to the gate concurrently with a negative potential on the anode. Devices should 
not be tested with a constant current source for forward or reverse blocking capability 
such that the voltage applied exceeds the rated blocking voltage. 


THYRISTORS 

PNPN 

35 AMPERES RMS 
100-600 VOLTS 



PIN 1. GATE 
2. CATHODE 
CASE. ANODE 


CASE 174 

TO-203 

2N3870 

thru 

2N3873 


PINT GATE 
2. CATHODE 
STUD. ANODE 



CASE 175 
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TC, MAXIMUM ALLOWABLE CASE 
TEMPERATURE (°C) 


2N3870 thru 2N3873, 2N3896 thru 2N3899, 2N6171 thru 2N6174 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

* Peak Forward Blocking Voltage 
(Tj = 100°C) 

2N3870, 2N3896, 2N6171 

2N3871, 2N3897, 2N6172 

2N3872, 2N3898, 2N6173 

2N3873, 2N3899, 2N6174 

VdRM 

*Peak Forward Blocking Current 

(Rated V^rm, with gate open, Tj = 100°C) 

2N3870, 2N3896, 2N6171 

2N3871, 2N3897, 2N6172 

2N3872, 2N3898, 2N6173 

2N3873, 2N3899, 2N6174 

•drm 

*Peak Reverse Blocking Current 

(Rated VRRM,with gate open, Tj = 100°C) 

2N3870, 2N3896, 2N6171 

2N3871, 2N3897, 2N6172 

2N3872, 2N3898, 2N6173 

2N3873, 2N3899, 2N6174 

Irrm 

* Forward "On" Voltage 

Otm = 69 A Peak) 

V TM 

Gate Trigger Current, Continuous dc *Tq=-40°C 

(Anode Voltage = 12 V, R L = 24 $2) T C = 25°C 

'GT 

Gate Trigger Voltage, Continuous dc 

(Anode Voltage = 12 V, R L = 24 n) *T C = -40°C 

(Anode Voltage = Rated Vqm, Tq = 25°C 

R L = 100ft,Tj= 100°C) 

v gt 

Holding Current *Tq = -40°C 

(Anode Voltage = 12 V, Gate Open) T C = 25°C 

Rg = 50 Ohms) 

Peak Initiating On-State Current = 200 mA 

'H 

*Turn-0n Time (t<j + t r ) 

Otm = 41 Adc, 'GT =200mAdc V = rated Vdrm» Rs = 2500hms, 
Rise Time = 0.05 ns, Pulse Width = 10 Ms) 

*on 

Turn-Off Time 

■OTM “10 A, Ir- 10 A) 

(l TM = 10A, Ir = 10A,Tj= 100°C) 

*off 


Forward Voltage Application Rate 
(Tj = 100°C) 


Indicates JEDEC Registered Data. 

FIGURE 1 - CURRENT DERATING 



FIGURE 2 - POWER DISSIPATION 


Types 2N6171 thru 2N6174 must be derated 
an additional 10%. For example, in Figure 1, 
the max Tc at 20 A (180° Conduction) is 70°C. 
a derating of 30°C. These types must be 
derated 33°C; therefore, the allowable Tc (max) 
is67°C. 
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2n3 883 (GERMANIUM) 


CASE 31 

(TO-5) 



Medium- current, germanium PNP high-speed switch- 
ing transistor. 


Collector connected to case 


MAXIMUM RATINGS <T A = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Units 

Collector -Base Voltage 

v 

V CB 

25 

Vdc 

Collector -Emitter Voltage 

V CEO 

15 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current (Continuous) 

l c 

300 

mAdc 

Junction Temperature 

mm 

100 

°C 

Storage Temperature 

T ste 

-65 to +100 

°C 

Device Dissipation @ 25 °C Case Temperature 
(Derate 10 mW/°C above 25° C) 

P D 

750 

mW 

Device Dissipation @ 25°C Ambient 
(Derate 4 mW/°C) 

P D 

300 

mW 


COLLECTOR LATCH UP VOLTAGE AND TEST CIRCUIT 
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is, NORMALIZED STORAGE TIME 


2N3883 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector-Base Breakdown Voltage 
(I c = lOOMAdc, I E = 0) 

bv cbo 

25 

— 

— 

Vdc 

Collector-Emitter Breakdown Voltage 
(I c = lOmAdc, Ig = 0) 

bv ceo 

15 

— 

| 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 100/i Adc, I c = 0) 

bv ebo 

3,0 

— 


Vdc 

Latch- Up Voltage 

lv cex 

20 

— 

— 

Vdc 

Collector -Emitter Leakage Current 
(V CE = 15 Vdc, Vg B = 0) 

*CES 

■ | 

— 

100 

M Adc 

Base Cutoff Current 
(V CE = iSVdc, V EB »°) 

wgm 

B 

— 

100 

MAdc 

DC Current Gain 

(I c - 20CmAdc,V CE = 1.0 Vdc) 

h ¥E 

30 

— 

PP1 

“ 

Collector -Emitter Saturation Voltage 

(I^, = 200 mAdc, Ig = 40 mAdc 

V CE(sat) 

— 

0. 35 

0,5 

Vdc 

Base -Emitter Voltage 

(l c = 200 mAdc, Ig = 40 mAdc) 

V BE 

0.4 

0, 65 

B 

Vdc 

Output Capacitance 
(V CB = 10 Vdc, 1 E = 0, 1 * 100 kHz) 

C ob 

B 

■ 

8,0 

P F 

Input Capacitance 
(V BE = 1 Vdc, l c = 0, f = 100 kHz) 

C ib 

— 

10 

25 

PF 

Cur rent -Gain — Bandwidth Product 

(V CE = 10 Vdc, I c = 40 mAdc, f = 100 MHz) 

f T 

100 

300 

— 

MHz 

Delay Time 



8, 0 

15 

ns 

Rise Time 

..... ... . j 



28 

40 

ns 

Storage Time 

‘s 

piM 

40 

70 

ns 

Fall Time 

‘f 


28 

40 

ns 


STORAGE TIME VARIATIONS 



£ 

p 







§ 

§ 
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2N3883 (continued) 


SWITCHING TIME TEST CIRCUIT 


200 ns 
+20 V i— 


INPUT PULSE t r < 5ns 


r 

rvv 

« 

► 250 


L 

-10 V < 




Scope t r 'aS 5 ns 
Scope Rin — 100 Kfl 
Scope C| N ^ 10 pf 


l c = 200 mA 
In =40mA 
l w = 40 mA 


TYPICAL RISE AND FALL TIME BEHAVIOR 


TOTAL CONTROL CHARGE 





3000 — j ~ 

?nnn — Tj = 25° C - 



c, COLLECTOR CURRENT (mA) 


„ BASE CURRENT (mA) 


COLLECTOR-EMITTER SATURATION VOLTAGES versus BASE CURRENT 


imp 

Mil 

E 





BASE-EMITTER VOLTAGE 
versus COLLECTOR CURRENT 


HE 

■III 

H 

■in 

HI 

■ifl 

ini 


■ 

IIII 


■ 

im 


■ 

mi 


■ 

mi 


■ 

IBSfll 


■ 

mi 


■ 





I*, BASE LEAKAGE CURRENT (/xAdc) ( TEMPERATURE COEFFICIENT (mV/°C) 


2N3883 (continued) 


TEMPERATURE COEFFICIENTS 


NORMALIZED CURRENT GAIN CHARACTERISTICS 



l c , COLLECTOR CURRENT (mA). 



LEAKAGE CHARACTERISTICS COMMON EMITTER 


JUNCTION CAPACITANCE versus REVERSE VOLTAGE 







1 

— 






mi 

mm 





— — 

V C E 



= —15V 

3 

L 


mm 





_ 

u- 

n 













555 



V 

_ THREJ 
VOLT 

T _ 


— 

— 


sd 

5HOLD _ 
TAGE 

SSm 

F= 

F— H 

SB 

— 


j 

leakage current with both junctions reverse 



. 

■man 



' 

voltaee at threshold of conduction.) 








— 

1— 

1 


— - 

~2 

1 


=r Tj = 

[ — - 

+25°C 






— 


- 0.25 0 0.5 1.0 1.5 2.0 


Vqi, BASE-EMITTER REVERSE BIAS (VOLTS) 



2lSl3896 thru 2n38 99 (SILICON) 

For Specifications, See 2N3870 Data 
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2n3902 NPN (SILICON) 

2n5157 


HIGH VOLTAGE NPN SILICON TRANSISTORS 

. . . designed for use in high-voltage inverters, converters, switching 
regulators and line operated amplifiers. 

• High Collector-Emitter Voltage - VcEX = 700 Vdc 

• Excellent DC Current Gain - 

hpE = 10 (Min) @ lc = 2.5 Adc 

• Low Collector-Emitter Saturation Voltage - 

v CE(sat) = 0.8 Vdc (Max).@ \q = 1.0 Adc 


3.5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

400 and 500 VOLTS 
100 WATTS 


*MAXIMUM RATINGS 

Rating 

Symbol 


2N5157 

Unit 

Collector-Emitter Voltage 

VCEO 

400 


Vdc 

Collector-Emitter Voltage 


700 


Emitter-Base Voltage 

< 

m 

CD 

5.0 

6.0 


Collector Current — Continuous 

'C 

3.5 

Adc 

Base Current 

>B 

2.0 


Total Device Dissipation @ Tq = 75°C 

P D 

100 


Derate above 75°C 


1.33 


Operating Junction Temperature Range 

Tj 

-65 to +150 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS 

Characteristic 




Thermal Resistance, Junction to Case 



Km 

* Indicates JEDEC Registered Data 





Pin 1. BASE 

EMITTER 


To convert inches to millimeters multiply by 25.4 
All JEOEC dimensions and notes apply 
Collector connected to case 


CASE 11 
T0-3 
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2N3902, 2N5157 (continued) 


*ELECTRICAL CHARACTERISTICS !Tq = 25°C unless otherwise noted) 


Characteristic 


Symbol 

Min 

Max 

Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(Iq = 100 mAdc, 1 b = 0) (See Figure 12) 

2N3902 

2N5157 

VcEO(sus) 

325 

400 


Vdc 

Collector-Emitter Breakdown Voitage 


bvqer 

500 

- 

Vdc 

0c = 3.5 Adc, R be = 10 Ohms) (See Figure 12) 

2N5157 





Collector Cutoff Current 


'CEO 



mAdc 

(V CE = 400 Vdc. 1 B = 0) 

2N3902 


0.25 

- 


(V CE = 500 Vdc, l B = 0) 

2N5157 


0.25 

- 


Collector Cutoff Current 


'CEX 



mAdc 

(V CE = 700 Vdc, V EB ( off ) = 1.5 Vdc) 

2N3902 


- 

2.5 



2N5157 


- 

0.5 


(V C E = 400 Vdc, V EB ( 0 ff) = 1.5 Vdc, T c = 125°C) 

Both Types 


- 

0.5 


Emitter Cutoff Current 


'ebo 



mAdc 

(V BE = 5.0 Vdc, l c = 0) 

2N3902 


- 

5.0 


(V BE = 6.0 Vdc, Iq = 0). 

2N5157 


- 

5.0 



OIM CHARACTERISTICS!!) 


DC Current Gain 
(l C = 1 .0 Adc, V CE = 5.0 Vdc) 

(l c = 2.5 Adc, V CE = 5.0 Vdc) 

(l C = 1.0 Adc, V CE = 5.0 Vdc, T C = -55°C) 

2N3902.2N5157 

2N3902,2N51 57 

2N5157 

h F E 

30 

10 

10 

90 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

(Iq = 1.0 Adc, l B =0.1 Adc) 

2N3902.2N51 57 


- 

0.8 


(Iq =* 2.5 Adc, l B =0.5 Adc) 

2N3902 


- 

2.5 


(Iq = 3.5 Adc, l B =0.7 Adc) 

2N5157 



2.5 


Base-Emitter Saturation Voltage 


VBE(sat) 



Vdc 

(Iq = 1.0 Adc, l B = 0.1 Adc) 

2N3902,2N51 57 


- 

1.5 


(l C = 2.5 Adc, l B =0.5 Adc) 

2N3902 


- 

2.0 


(Iq = 3.5 Adc, l B = 0.7 Adc) 

2N5157 


- 

2.0 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(Iq = 0.2 Adc, V CE = 10 Vdc) 2N3902 

(l c = 0.2Adc, V CE = 12 Vdc) 2N5157 

*T 

2.8 

2.8 

- 

MHz 

Output Capacitance 

(V CB = 20 Vdc, l E = 0, f = 1.0 MHz) 2N5157 

Cob 

— 

150 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(V cc = 125Vdc, l c =1.0Adc, I B1 =0.1 Adc) 2N5157 

ton 

- 

0.8 

MS 

Turn-Off Time 

(V CC = 125 Vdc, l c = 1.0 Adc, I B1 =0.1 Adc, l B2 =0.5 Adc) 2N5157 

toff 

~ 

1.7 

MS 


* Indicates JE DEC Registered Data 
<1 )Pulse Test: Pulse Width< 300 jots, Duty Cycle S 2 . 0 %. 


FIGURE 2 -SWITCHING TIMES TEST CIRCUIT 



INPUT CURRENT WAVEFORM 




5.0% Duty Cycle 

t r = 100 ns *For 2N3902 - change Vbb to 5.0 V. 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

1C, COLLECTOR CURRENT (AMP) 









r(tl, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL RESISTANCE 


2N3902, 2N5157 (continued) 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE-OPERATING AREA 



Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 -TURN-OFF TIME 



IC,CQLLECTOR CURRENT (AMP) 


There are two limitations on the power handling ability of a 
transistor, junction temperature and secondary breakdown. Safe 
operating area curves indicate lc~ V ce limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p | c ) = 1 50°C; Tq is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided 150°C. At high case temperatures, thermal 

limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. (See 
AN-415) 


FIGURE 7 - CAPACITANCE 



Vr, REVERSE VOLTAGE (VOLTS) 
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IC.COLLECTOR CURRENT (mA) <C- COLLECTOR CURRENT (/iA) hFE. DC CURRENT GAIN 


2N3902, 2N5157 (continued) 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

1C, COLLECTOR, CURRENT (AMP) 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 


1C, COLLECTOR CURRENT (AMP) 


FIGURE 10 -COLLECTOR CUT-OFF REGION 

1000 
500 

200 
100 
50 

20 
10 

5.0 

2.0 
1.0 

-0.4 -0.2 0 +0.2 +0.4 +0.6 
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1C, COLLECTOR CURRENT(AMP) 


FIGURE 12 -COLLECTOR-EMITTER SUSTAINING VOLTAGE TEST CIRCUITS AND LOAD LINES 
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2n3903 (SILICON) 
2n3904 



NPN silicon annular transistors, designed for gen- 
eral - purpose switching and amplifier applications , 
features one-piece, injection- molded plastic package 
for high reliability. The 2N3903 and 2N3904 are com- 
plementary with PNP types 2N3905 and 2N3906, re- 
spectively . 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V 

CEO 

40 

Vdc 

Collector -Base Voltage 

V CB 

60 ! 

Vdc 

Emitter -Base Voltage 

V EB 

6.0 

Vdc 

Collector Current 


200 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

350 

mW 

Derate above 25°C 


2.73 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-55 to +150 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to 
Ambient 

0 JA 

0.357 

°C/mW 
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2N3903, 2N3904 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 

Characteristic Fig No. [ Symbol 1 Min [ [ Unit | 

OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
(I c = 10 pAdc, I E = O) 


bv cbo 

60 

. 

Vdc 

Collector-Emitter Breakdown Voltage* 

(I c = 1.0 mAdc, I fi = 0) 


bv ceo* 

40 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 10 nAdc, I c = O) 


bv ebo 

6.0 

- 

Vdc 

Collector Cutoff Current 
(V^-SOVdc. V eb(o|() .3.0V<1c) 


X CEX 

- 

50 

nAdc 

Base Cutoff Current 
(V CE =30Vdc, V EB(o , () .3.0Vdc) 


r BL 

- 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain* 

(I r = 0. 1 mAdc, V r „ = 1.0 Vdc) 2N3903 

CE 2N3904 

(Ip = 1. 0 mAdc, Vp„ = 1.0 Vdc) 2N3903 

CE 2N3904 

(I = 10 mAdc, V = 1. 0 Vdc) 2N3903 

C CE 2N3904 

(Ip = 50 mAdc, Vp„ = 1. 0 Vdc) 2N3903 

C CE 2N3904 

(Ip = 100 mAdc, Vp„ = 1. 0 Vdc) 2N3903 

C CE 2N3904 

15 

h FE* 

20 

40 

35 

70 

50 

100 

30 

60 

15 

30 

150 

300 


Collector-Emitter Saturation Voltage* 

(I c = 10 mAdc, I R = 1. 0 mAdc) 

(1^ = 50 mAdc, Ig = 5. 0 mAdc) 

16, 17 

V CE(sat)* 

; 

0.2 

0.3 

Vdc 

Base- Emitter Saturation Voltage* 

(I c = 10 mAdc, I fi = 1. 0 mAdc) 

(I c * 50 mAdc, Ig = 5.0 mAdc) 

17 

V BE(sat)* 

0. 65 

0.85 

0.95 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 



f T 



MHz 

(I c = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) 

2N3903 



250 

- 


2N3904 



300 

- 


Output Capacitance 


3 

C ob 


— 

pF 

(V CB = 5.0 Vdc, I E = 0, f * 100 kHz) 



- 

4.0 

Input Capacitance 


3 

C ib 



pF 

(Vg E = 0.5 Vdc, I c = 0, f = 100 kHz) 




8.0 


Input Impedance 


13 

h. 



k ohms 

(I c = 1.0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

2N3903 


le 

0.5 

8.0 


2N3904 



1.0 

10 


Voltage Feedback Ratio 


14 

h re 



X 10-4 

(I c = 1.0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

2N3903 



0. 1 

5.0 


2N3904 



0.5 

8.0 


Small-Signal Current Gain 


11 

h fe 



. 

(I c = 1. 0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

2N3903 


50 

200 


2N3904 



100 

400 | 


Output Admittance 


12 

h oe 



pmhos 

(I c = 1.0 mAdc, V C£ = 10 Vdc, f = 1.0 kHz) 




1.0 

40 


Noise Figure 


9, 10 

NF 



dB 

(I c = 100 p Adc, V CE = 5. 0 Vdc, R g = 1. 0 k ohms, 

2N3903 



- 

6.0 


f = 10 Hz to 15. 7 kHz) 

2N3904 




5.0 



SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc-S-OV*. V BE(oH) .0.5Vdc, 

I c • 10 mAdc, I B1 = 1.0 mAdc) 

1, 5 

‘d 

- 

35 

ns 

Rise Time 

1, 5, 6 

l r 

- 

35 

ns 

Storage Time 

(V cc =3.0 v dc, Ic-lOmAdc, g«903 

l B i=I B2 " l.° mAdc) 

2, 7 


: 

175 

200 

ns 

Fall Time 

2, 8 

l f 

- 

50 

ns 


* Pulse Test: Pulse Width = 300 ps, Duty Cycle = 2. 0%. 


FIGURE 1 - DELAY AND RISE TIME EQUIVALENT TEST CIRCUIT 

+3.0 V? 

275 


300 ns~H 
DUTY CYCLE = 2% 


-0.5 V 


+10.6 V 


< 1.0 r 


L 



!C t < 4.0 pF* 


FIGURE 2 - STORAGE AND FALL TIME EQUIVALENT TEST CIRCUIT 


10 < t, < 500 11 s-H t ( 
DUTY CYCLE = 2% ' 


-9.1 V- 


-+ 10.9 V 


+ 3.0 V 9 


K- < 1.0 ns 



• C t < 4.0 pF* 


*Total shunt capacitance of test jig and connectors 
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2N3903, 2N3904 (continued) 


AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE FIGURE VARIATIONS 




0.1 0.2 0.4 1 2 4 10 20 40 100 0.1 0.2 0.4 1.0 2.0 4.0 10 20 40 100 

f, FREQUENCY (kHz) PARAMETERS Rs, SOURCE RESISTANCE (k ohms) 

(V CE = 10 Vdc,f = 1.0 kHz, T a = 25 # C) 



0.1 0.2 0.5 1.0 2.0 5.0 10 

l c , COLLECTOR CURRENT (mA) 


FIGURE 12 - OUTPUT ADMITTANCE 



0.1 0.2 0.5 1.0 2.0 5.0 10 

l c . COLLECTOR CURRENT (mA) 


FIGURE 13 — INPUT IMPEDANCE 



0.1 0.2 0.5 1.0 2.0 5.0 10 

lc, COLLECTOR CURRENT (mA) 



0.1 0.2 0.5 1.0 2.0 5.0 10 

l c , COLLECTOR CURRENT (mA) 


2-658 



"ON" VOLTAGE (VOLTS) V CE , COLLECTOR EMITTER VOLTAGE (VOLTS) h FE , NORMALIZED CURRENT GAIN 


2N3903, 2N3904 (continued) 


STATIC CHARACTERISTICS 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

l c . COLLECTOR CURRENT (mA) 


FIGURE 16 - COLLECTOR SATURATION REGION 



.01 .02 .03 .05 .07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

I,, BASE CURRENT (mA) 



1.0 2.0 5.0 10 20 50 100 200 

l c , COLLECTOR CURRENT (mA) 


FIGURE 18 - TEMPERATURE COEFFICIENTS 
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2n3905 (SILICON) 
2n3906 



PNP silicon annular transistors, designed for gen- 
eral purpose switching and amplifier applications , 
features one-piece, injection- molded plastic package 
for high reliability. The 2N3905 and 2N3906 are com- 
plementary with NPN types 2N3903 and 2N3904, re- 
spectively. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter- Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 

*c 

200 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

350 

mW 

Derate above 25°C 


2.73 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-55 to +150 

mm 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to 
Ambient 

^JA 

0.357 

°C/mW 
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2N3905, 2 N 3906 (continued) 


ELECTRICAL CHARACTERISTICS <T C - 25°c unless otherwise noted) 

| Characteristic | fig. No. | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
(I c = 10 |iAdc, I E = 0) 


bv cbo 

40 

- 

Vdc 

Collector -Emitter Breakdown Voltage HI 
(I c = 1.0 mAdc, I 0 = 0) 


bv ceo 

40 

- 

Vdc 

Emitter- Base Breakdown Voltage 
(Ig = 10 pAdc, I c = 0) 


bv ebo 

5.0 

- 

Vdc 

Collector Cutoff Current 

<V CE »30Vdc, V BE(oM) = S.0Vdc) 


! cex 

- 

50 

nAdc 

Base Cutoff Current 

(V CE =S0Vdc, V BEWf) .S.0Vdc) 




50 



ON CHARACTERISTICS 


DC Current Gain ( D 

(I„ = 0. 1 mAdc, V__ = 1. 0 Vdc) 2N3905 

c 2N3906 

(I_ = 1.0 mAdc, V__ = 1.0 Vdc) 2N3905 

c 2N3906 

(I- = 10 mAdc, V— = 1.0 Vdc) 2N3905 

L 2N3906 

(I„ = 50 mAdc, V__. = 1. 0 Vdc) 2N3905 

c 2N3906 

(I„ = 100 mAdc, V rv = 1.0 Vdc) 2N3905 

c 2N3906 




| 

| 

Collector-Emitter Saturation Voltage ( j) 

Stgi 



P«i. 

Vdc 

(I c = 10 mAdc, I B = 1. 0 mAdc) 





(I c = 50 mAdc, I B = 5. 0 mAdc) 

1 

■ 


Igfl 


Base-Emitter Saturation Voltage (1) 

WM 




Vdc 

(I c = 10 mAdc, Ig = 1.0 mAdc) 





(I c = 50 mAdc, Ig = 5. 0 mAdc) 

II 






SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I_ = 10 mAdc, V„_ = 20 Vdc, f = 100 MHz) 2N3905 

C CB 2N3906 


f T 


- 

MHz 

Output Capacitance 
(V CB = 5. 0 Vdc, Ig = 0, f = 100 kHz) 

3 

C ob 

- 

mm 

p? 

Input Capacitance 

(V BE = 0. 5 Vdc, I c = 0, f = 100 kHz) 

3 

C ib 

- 

10 

pF 

Input Impedance 

(I„ = 1. 0 mAdc, V„_. = 10 Vdc, f = 1. 0 kHz) 2N3905 

C CE 2N3906 

13 


m 



Voltage Feedback Ratio 

(L, = 1. 0 mAdc, V__ = 10 Vdc, f = 1.0 kHz) 2N3905 

u 2N3906 

14 

h re 

0.1 

1.0 

5.0 

10 

X 10-4 

Small- Signal Current Gain 

(I„ = 1. 0 mAdc, V-_. = 10 Vdc, f = 1. 0 kHz) 2N3905 

c C1L 2N3906 

11 

h fe 

50 

100 

200 

400 


Output Admittance 

(L, = 1. 0 mAdc, V„_ = 10 Vdc, f = 1. 0 kHz) 2N3905 

c ca * 2N3906 

12 

h oe 

1.0 

3.0 

40 

60 

pmhos 

Noise Figure 

(I- = 100 jiAdc, V„_. = 5.0 Vdc, R c = 1. 0 k ohm, 2N3905 

L vl!* o oxroanc 

f = 10 Hz to 15. 7 kHz) ZN3906 

9, 10 

! 


: 

El 

dB 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc=3.° v dc, V BE(off) = 0.5Vdc, 

I c = 10 mAdc, I B1 = 1.0 mAdc) 

1, 5 

l d 

- 

35 

ns 

Rise Time 

1, 5, 6 

l r 

- 

35 

ns 

Storage Time 

(V cc .3.0Vdc. Ip -10 mAdc, £”£5 

! B1 * *B2 = L ° mAdc) 2N3905 

2N3906 

2, 7 


: 


ns 

Fall Time 

2, 8 

4 f 

- 

60 

75 

ns 


* 11 Pulse Test: Pulse Width = 300 (is. Duty Cycle = 2.0%. 


FIGURE 1 - DELAY AND RISE TIME EQUIVALENT TEST CIRCUIT FIGURE 2 - STORAGE AND FALL TIME EQUIVALENT TEST CIRCUIT 



’Total shunt capacitance of test jig and connectors 
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STORAGE TIME (ns) TIME (ns) CAPACITANCE (pF) 


2N3905, 2N3906 (continued) 







, INPUT IMPEDANCE (k ohms) hf.. CURRENT GAIN NF N0 |SE piguRE (dB) 


2N3905, 2N3906 (continued) 







“0T VOLTAGE (VOLTS) 


2N3905, 2N3906 (continued) 









2n3909 (SILICON) 

2n3909A 















2N3909, 2N3909A (continued) 


*ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) (Note 1) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 

V (BR)GSS 

20 

- 

Vdc 

(\q = 10/xAdc, V DS = 0) 





Gate-Source Cutoff Voltage 

VGS(off) 



Vdc 

( V DS = 1 0 Vdc, 1 D = 1 0 juAdc) 2N3909 


- 

8.0 


2N3909A 


- 

8.0 


Gate Reverse Current 

*GSS 




(Vqs = 10 Vdc, V DS = 0) 


- 

10 

nAdc 

(V G S = 10 Vdc, V DS = 0, T A = 100°C) 

i 

i 

- 

1.0 

nAdc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current (Note 2) 

(V D S = "1° Vdc, Vqs = 0) 2N3909 

2N3909A 



n 


Gate-Source Voltage 
(V DS = -10 Vdc, l D = 30 /uAdc) 

VGS 

0.3 

7.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transadmittance (Note 2) 

(V DS = -10 Vdc. V GS - 0, f = 1 .0 kHz) 2N3909 

2N3909A 

(Vds = -1° Vdc, V G s = 0. f = 10 MHz) 2N3909 

2N3909A 

Ivfsl 

1000 

2200 

900 

2000 

5000 

5000 

jumhos 

Output Admittance 

(Vqs = -10 Vdc, V GS = 0, f = 1.0 kHz) 


- 

100 

/itmhos 

Input Capacitance 

(Vqs - -10 Vdc, Vqs = 0, f = 1.0 MHz) 2N3909 

2N3909A 

Ciss 

- 


pF 

Reverse Transfer Capacitance 

(Vqs = -1 0 Vdc. V GS = 0, f = 1 .0 MHz) 2N3909 

2N3909A 


- 




'indicates JE DEC Registered Data. 


Note 1 : The fourth lead (case) is connected to the source for all measurements. 
Note 2: Pulse Test: Pulse Width <;630 ms. Duty Cycle < 10%. 
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2n3924 (SILICON) 

thru 

2n3927 



NPN silicon annular RF power transistors, opti- 
mized for large-signal power-amplifier and driver 
applications to 300 MHz. 


Collector electrically connected 
to case; stud electrically 
isolated from case 


CASE 24 

2N3925 

(TO- 102) 



CASE 36 

2N3926 

2N3927 

(TO- 60) 



CASE 79 

2N3924 

(TO-39) 


Stud and case electrically 
connected to emitter 


Collector connected to case 


MAXIMUM RATINGS (T a = 25°C unless otherwise noted) 


Rating 

Symbol 

2N3924 

2N3925 

2N3926 

2N3927 

Unit 

Collector-Emitter Voltage 

v 

CEO 

18 

18 

18 

18 

Vdc 

Collector -Base Voltage 

V CB 

36 

36 

p^jjP| 

36 

Vdc 

Emitter -Base Voltage 

V EB 

4.0 

4.0 

HQH 

4.0 

Vdc 

Collector Current 

x c 

0.5 

1.0 

1.5 

3.0 

Adc 

Power Dissipation (aT c = 25° C 

P D 

7.0 

10 

11.6 

23.2 

Watts 

Derate above 25° C 


40 

57.1 

66.3 

132.5 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 


— -65 to +200 


°c 
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2N3924 thru 2N3927 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25 # C unless otherwise noted) 


| Characteristic | Conditions | Symbol | Min | Typ | Max | Unit ) 

OFF CHARACTERISTICS 


Collector -Emitter Sustaining Voltage (i) 

= 200 mAdc 


■a 



MM 

Collector-Base Breakdown Voltage 

I c = O. 25 mAdc, 1 E = 0 

2N3924 thru 2N3926 



B 

B 

Vdc 


I c =0.50 mAdc, Ig = O 

2N3927 


■ 

■ 


Emitter-Base Breakdown Voltage 

I £ » 1.0 mAdc, I c = 0 

2N3924 thru 2N3926 

bv ebo 

|Q 

B 

B 



I E =2.0 mAdc, I c = 0 

2N3927 

D 

1 

■ 


Collector Cutoff Current 

V CB = 15Vdc ’ >E" 0 

2N3924 thru 2N3926 
2N3927 


■ 

■ 

0.1 

0. 25 

mm 


V CB = 15 Vdc * * E =<>, T a 

= 150°C 





B 


2N3924 thru 2N3926 




5.0 




2N3927 


■ 

■ 

10 

B 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

I = 100 mAdc, V = 13. 6 Vdc, f = 100 MHz 

** 2N3924 thru 2N3926 

_____ 

B 



MHz 


B 


350 



I- = 200 mAdc, V_„ = 13. 6 Vdc, f = 100 MHz 

C CE 2N3927 




350 



Output Capacitance 

V pR = 13. 6 Vdc, !„ = 0, f = 100 kHz 

2N3924 thru 2N3926 

C ob 




pF 









FUNCTIONAL TESTS 2ns»24 


Power Input 

Test Circuit Figure 1 

V CE = 13. 6 Vdc, R g = 50 ohms, 

R l = 50 ohms, f = 175 MHz 

P , = 4. 0 Watts 
out 

P ln 

- 


SB 


Common-Emitter Amplifier 

Power Gain 

°pe 

6.0 

H 

■ 

dB 

Collector Efficiency 

1 

mm 



% 


2N3925 


Power Input 

Test Circuit Figure 1 

P ln 

- 

- 

m 

m 

Common-Emitter Amplifier 

Power Gain 

V CE = 13. 6 Vdc, Rg = 50 ohms, 

R l = 50 ohms, f = 175 MHz 

G pe 

5.84 

6.5 

- 

dB 

Collector Efficiency 

P = 5. 0 Watts 
out 

V 


- 

- 

% 


2N3926 


Power Input 

Test Circuit Figure 1 

p ltl 

- 

- 



Common-Emitter Amplifier 

V CE = 13/6 Vdc, Rg = 50 ohms, 

G n _ 

5. 44 

6.0 

_ 

dB 

Power Gain 

R l = 50 ohms, f = 175 MHz 

pe 





Collector Efficiency 

P = 7. 0 Watts 
out 

n 


- 

- 

% 


2N3927 


Power Input 

Test Circuit Figure 1 

p t„ 

- 


ID 

PvJ 

Common-Emitter Amplifier 

V CE = 13. 6 Vdc, Rg = 50 ohms, 

G 

4.77 

KQ 

_ 

dB 

Power Gain 

R l = 50 ohms, f = 175 MHz 

pe 


HI 



Collector Efficiency 

P =12 Watts 
out 

V 

Kfl 


- 

% 


(Dpulsed thru a 25-mH inductor (See Figure 2) 


FIGURE 1-175 MHz TEST CIRCUIT 



13.6 Vdc 

C,.C 2 ,C 4 5-50 pF (Air variable) L, - 1 1/2 turns #14 AWG tinned wire; 

Cj 7-100 pF (Air variable) 3/8" 10 Air wound; winding length 

c s 470 pF (Disc ceramic) 3/ 16"; base tapped 1 turn from 

C* 0.01 pf (Oise ceramic) ground 

c r 0.001 [if (Disc ceramic) Ij-RFC 

L 3 - 2 turns #14 AWG tinned wire-, 

1/4" 10 Air wound; winding length 3/ 16' 


FIGURE 2 -PULSE TEST CIRCUIT 
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Po*. POWER OUTPUT (WATTS) P^, POWER OUTPUT (WATTS) 


2N3924 thru 2N3927 (continued) 


CLASS C DESIGN DATA FOR V CE = 13.6 Vdc, T c = 25*C 

(Emitter Grounded Directly to the Chassis — No Tuned-Emitter Techniques Used) 


2N3924 

FIGURE 5 -PARALLEL EQUIVALENT INPUT RESISTANCE 



f, FREQUENCY (MHz) 
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Po*. POWER OUTPUT (WATTS) P«*t, POWER OUTPUT (WATTS) 


2N3924 thru 2N3927 (continued) 


2N3926 


FIGURE 15 -PARALLEL EQUIVALENT INPUT RESISTANCE 



30 50 70 100 200 300 ' 

f, FREQUENCY (MHz) 


FIGURE 14 -POWER OUTPUT vs POWER INPUT 



0.5 1.0 1.5 2.0 2.5 3.0 

P iB , POWER INPUT (WATTS) 



30 50 70 100 200 300 

f, FREQUENCY (MHz) 



50 70 100 

f, FREQUENCY (MHz) 


200 300 



30 50 70 100 200 300 

f, FREQUENCY (MHz) 


2-671 







p «rf- POWER OUTPUT (WATTS) P^, POWER OUTPUT (WATTS) 


2N3924 thru 2N3927 (continued) 



30 50 70 100 200 300 

f, FREQUENCY (MHz) 



0 1.0 2.0 3.0 4.0 5.0 

P iB , POWER INPUT (WATTS) 


DESIGN NOTE 

For Class C power-amplifier designs, small-signal param- 
eters are not applicable. The parallel equivalent output 
capacitance and input resistance and capacitance for Class 
C power-amplifier design are used. 

The parallel resistive portion of the collector load im- 
pedance for a power amplifier, R L ', may be computed by 
assuming a peak voltage swing equal to V cc , and using the 
expression R t # = Vcc72P where P = RF power output. The 
computed R L ' may then be combined with the data for 
Class C design to complete device impedance data. 


2N3927 

FIGURE 20- PARALLEL EQUIVALENT INPUT RESISTANCE 



30 50 70 100 200 300 

f, FREQUENCY (MHz) 


FIGURE 21 - PARALLEL EQUIVALENT INPUT CAPACITANCE 




30 50 70 100 200 300 

f, FREQUENCY (MHz) 
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2n3946 (SILICON) 
2n3947 



Collector connected to case 


NPN silicon annular transistors, designed for gen- 
eral purpose switching and amplifier applications . 
The 2N3946 and 2N3947 are complementary with PNP 
types 2N3250 and 2N3251, respectively. 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

60 

Vdc 

Collector- Emitter Voltage 

v CEO 

40 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current 

h 

200 

mAdc 

Total Device Dissipation @ T c = 25°C 

P D 

1.2 

Watts 

Derating Factor Above 25°C 


6.9 

mW/°C 

Total Device Dissipation @ T A = 25°C 

PD 

0.36 

Watt 

Derating Factor Above 25°C 


2.06 

mW/°C 

Thermal Resistance 




Junction to Ambient 

0JA 

0.49 

°C/mW 

Junction to Case 

e JC 

0.15 

°C/mW 

Junction Operating Temperature 

T J 

200 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 


ELECTRICAL CHARACTERISTICS <T A = 25°C unless otherwise noted) 


Characteristic 


Symbol 


Min 


Max| Unit" 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
(I c = 10 /xAdc, I E = 0) 

bv cbo 

60 

— 

Vdc 

Collector-Emitter Breakdown Voltage^ 

(I c = 10 mAdc) 

BV CE0 * 

40 

B 

Vdc 

Emitter-Base Breakdown Voltage 
(I K = 10 MAdc, I c = 0) 

bv ebo 

6.0 

— 

Vdc 

Collector-Cutoif Current 
(V C E = 40 Vdc, V 0B = 3 Vdc) 

(V C e = 40 Vdc, V 0B = 3 Vdc, T A = 150°C) 

X CEX 

1 

.010 

15 

MAdc 

Base Cutoff Current 
(V C £ = 40 Vdc, V QB = 3 Vdc) 

J BL 

— 

.025 

MAdc 


♦Pulse Test: PW £300 /ns , Duty Cycle £2% V QB = Base-Emitter Reverse Bias 
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2N3946, 2N3947 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 

(Ta = 25°C unless otherwise noted) 


Characteristic 

Symbdl 


Unit 

ON CHARACTERISTICS 

DC Current Gain* 1 * 

0c = 0.1 mAdc, V~„ = 1 Vdc) 2N3946 

2N3947 

(I c = 1. 0 mAdc, V CE = 1 Vdc) 2N3946 

2N3947 

(IC = 10 mAdc, V rE = 1 Vdc) 2N3946 

2N3947 

(Ic = 50 mAdc, V rF = 1 Vdc) 2N3946 

^ CE 2N3947 

h FE 

30 

60 

45 

90 

50 

100 

20 

40 

1 

i 

Collector Saturation Voltage* 11 
(Ic = 10 mAdc, Ig = 1 mAdc) 

(Ic = 50 mAdc, Ig = 5 mAdc) 

V CE(sat) 

I 


Vdc 

Base-Emitter Saturation Voltage (D 
(1^ = 10 mAdc, Ig = 1 mAdc) 

(Ic = 50 mAdc, Ig = 5 mAdc) 

v BE(sat) 

B 

0.9 

1.0 

Vdc 


TRANSIENT CHARACTERISTICS 


Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kHz) 

C Ob 

B 

4.0 

pF 

Input Capacitance 

(V !BE = .1 Vdc, I c = 0, f = 100 kHz) 

c ib 

B 

8.0 

PF 

Current-Gain - Bandwidth Product 
(IC = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) 2N3946 

2N3947 

f T 

a 

— 

MHz 

Delay Time 

V C c = 3 Vdc, V OB = 0.5 Vdc 

1^ = 10 mAdc, Igj = 1 mA 

‘ d 

— 

35 

ns 

Rise Time 

‘r 

— 

[Qj 

ns 

Storage Time 

V C c = 3V, Ic.iOmA, “g™ 
r Bl = -Ig 2 = 1 mAdc 

‘s 

— 

WBjfi 

iVH 

ns 

Fall Time 

tf 

— 

m 

ns 


SMALL SIGNAL CHARACTERISTICS 


Small- Signal Current Gain 

(I c = 1.0 mA, V CE = 10 V, f = 1 kHz) 2N3946 

2N3947 

■ 

50 

100 

250 

700 

■ 

Voltage Feedback Ratio 

(Ic = 1.0 mA, V CE = 10 V, f = 1 kHz) 2N3946 

2N3947 

**re 

l 

10 

20 

X10-4 

Input Impedance 

(Ic = 1.0 mA, V CE = 10 V, f = 1 kHz) 2N3946 

2N3947 

h ie 

0.5 

2.0 

6.0 

12 

kohms 

Output Admittance 

(IC = 1.0 mA, V CE = 10 V, f = 1 KHz) 2N3946 

2N3947 

h oe 

1.0 

5.0 

l 

/imhos 

Collector-Base Time Constant 
(IC = 10 mA, V CE = 20 V, f = 31.8 MHz) 

on 

B 

200 

ps 

Wide Band Noise Figure 

(IC = 100 mA, V ce = 5 V, R g = 1 kD , f = 10 Hz to 15.7 kHz) 

NF 

B 

5.0 

dB 


^Pulse Test: PW $300 pis, Duty Cycled 2% V^g^Base-Emitter Reverse Bias 
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TIME (ns) TIME (ns ) 


2N3946, 2N3947 (continued) 


TYPICAL SWITCHING CHARACTERISTICS 

(Ta = 25°C unless otherwise noted) 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 

l c , COLLECTOR CURRENT (mA) 


RISE TIME 



2.0 3.0 5.0 7.0 10 20 30 50 

l c . COLLECTOR CURRENT (mA) 


STORAGE AND FALL TIMES 


2N3946 



2N3947 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 

l c , COLLECTOR CURRENT (mA) 


TURN-ON TIME EGUIVALENT TEST CIRCUIT 


TURN OFF TIME EQUIVALENT TEST CIRCUIT 



•TOTAL SHUNT CAPACITANCE OF TEST JIG AND CONNECTORS 
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2 N 3946, 2N3947 (continued) 


AUDIO SMALL-SIGNAL CHARACTERISTICS 

NOISE FIGURE VARIATIONS 

Vet = 5 V,Ta = 25*C 




100 200 400 IK 2K 4K 10K 20K 40K 100K 

R 9 , SOURCE RESISTANCE (OHMS) 


h PARAMETERS 

Vet = 10 V, Ta = 25*C, f = 1 Kc 


CURRENT GAIN 



0.1 0.2 0.5 1.0 2.0 5.0 10 

l c . COLLECTOR CURRENT (mAdc) 


OUTPUT ADMITTANCE 



0.1 0.2 0.5 1.0 2.0 5.0 10 

l c . COLLECTOR CURRENT (mAdc) 


INPUT IMPEDANCE 



0.1 0.2 0.5 1.0 2.0 5.0 10 


l c . COLLECTOR CURRENT (mAdc) 


VOLTAGE FEEDBACK RATIO 



0.1 0.2 0.5 1.0 2.0 5.0 10 


l c . COLLECTOR CURRENT (mAdc) 
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CAPACITANCE (pF) h«, CURRENT GAIN h«, CURRENT GAIN 


2N3946, 2N3947 (continued) 








VOLTAGE (volts) V CE , COLLECTOR-EMITTER VOLTAGE (volts) 


2N3946, 2N3947 (continued) 


COLLECTOR SATURATION REGION 



0.01 0.02 0.05 0.1 0.2 0.5 L0 2.0 5.0 10 


l„, BASE CURRENT (mA) 








2n3948 (SILICON) 



NPN silicon RF power transistor designed for 
amplifier, frequency multiplier, or oscillator applica- 
tions in military and industrial equipment. Suitable for 
use as output, driver, or pre-driver stages in VHF and 
UHF equipment. Ideal for CATV applications. 


CASE 79 

(TO-39) 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


1 

Rating 

Symbol 

Value 

Unit 

Collector- Emitter Voltage 

v 

V CEO 

20 

Vdc 

Collector-Base Voltage 

V CB 

36 

Vdc 

Emitter-Base Voltage 

V EB 

3.5 

Vdc 

Collector Current — Continuous 

V 

400 

mAdc 

Total Device Dissipation @ T. = 25°C 

P D 

1.0 

Watt 

Derate above 25° C 

Lf 

5.71 

mW/*C 

Operating Junction and Storage 

Temperature Range 

T J> T st* 

-65 to +200 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

*JC 

35 

# c/w 

Thermal Resistance, Junction to Ambient 

# JA 

175 

°c/w 
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2N3948 (continued) 


ELECTRICAL CHARACTERISTICS (T a - 25°c unless otherwise noted) 

| Onractaistic | Symbol j — ~~j~~ — 


OFF CHARACTERISTICS 


Collector- Emitter Sustaining Voltage 

(I c » 5 mAdc, ^ * 0) 

BV CEO(tu«) 

30 

— 

Vdc 

Collector- Base Breakdown Voltage 
(I c - 0. 1 mAdc, I E * 0) 

BV CBO 

36 

— 

Vdc 

Emitter-Base Breakctowt Voltage 
(I E - 0. 1 mAdc, I c - 0) 

bv ebo 

So 5 

— 

Vdc 

Collector Cutoff Current 

0^*15 Vde, I E *0) 

X CBO 

— 

0.1 

MAdc 

(V^ » 15 Vdc, Ig - 0, T a - 150®C) 



100 



ON CHARACTERISTICS 


DC Current Gain 
(I c = 50 mAdc, V CR * 5 Vdc) 


15 

— 

— 

DYNAMIC CHARACTERISTICS 

Current- Gain — Bandwidth Product 
(I E - 50 mAdc, V CE * 15 Vdc, t f - 200 MHs) 

*T 

700 

— 

MH* 

Output Capacitance 
(V^ * 15 Vdc, I w « 0, f . 1 MHz) 

C ob 

— 

4.5 

PF 

FUNCTIONAL TEST 

Power Gain 

V CE « 13. 6 Vdc, Rg * 50 ohms, 

R l - 50 ohms, f - 400 MHs, 

P te *0.25 W 

g pe 

6.0 

— 

dB 

Power Output 

P out 

1.0 

— 

Watt 

Collector Efficiency 

4 

45 

— 

% 


SMALL-SIGNAL ADMITTANCE PARAMETERS VERSUS FREQUENCY 

(l c - 80 mAdc, Vci - 15 Vdc, T A - 25°C) 

FIGURE 1-y k FIGURE 2 -y re 





FIGURE 4- y^ 
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2N3948 (continued) 



SMALL-SIGNAL ADMITTANCE PARAMETERS VERSUS COLLECTOR CURRENT 

(f = 200 MHz, Ta “ 25°C) 

— V C i - 10 V — V C i - 15 V 



lo COUJCTOR CURRENT (mAdci 


Ic, COLLECTOR CURRENT (mMcl 
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PARALLEL R in (OHMS) P^, POWER OUTPUT (WATTS) 


2N3948 (continued) 


FIGURE 11 - 400 MHz RF AMPLIFIER TEST CIRCUIT FIGURE 12 - POWER GAIN 



3/16" LONG, AIR WOUND. 


*AIR VARIABLE CAPACITORS 


DESIGN NOTE 


Figures 1 through 4 and 7 through 10 show small-signal admittance-parameter data. This data can 
be used for Class A amplifier designs. 

For Class C power-amplifier designs, the small-signal parameters are not applicable. The parallel 
equivalent output capacitance and input resistance and capacitance for Class C power-amplifier 
operation are used 

The parallel resistive portion of the collector load impedance for a power amplifier, Rl , may be 
computed by assuming a peak voltage swing equal to Vcc, and using the expression Rl' = Vcc 2 /2P 
where P = RF power output. The computed Ri' may then be combined with the data in Figures 14, 15 
and 16 to comprise complete device impedance data for Class C power amplifier design. 


CLASS C DESIGN DATA (EMITTER GTOUNDED DIRECTLY TO CHASSIS) 



f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


FIGURE 15 - PARALLEL EQUIVALENT INPUT RESISTANCE 



f, FREQUENCY (MHz) 


FIGURE 16 - PARALLEL EQUIVALENT INPUT CAPACITANCE 



f, FREQUENCY (MHz) 
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2n3950 (SILICON) 



NPN silicon RF power transistor designed for 
high-power RF amplifier applications in military and 
industrial equipment. 


CASE 36 

(TO-60) 

Emitter common to stud and case 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Rating 



Unit 

Collector- Emitter Voltage 

V CEO 

35 

Vdc 

Collector-Base Voltage 

V CB 

65 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector- Current — Continuous 


3.3 

Amp 

Total Device Dissipation @ T. = 25 # C 

P D 

2.8 

Watts 

Derate above 25° C 


16 

mW/'C i 

Total Device Dissipation @ T c = 25° C 

P n 

70 

Watts 

Derate above 25° C 

D 

0.4 

W/ # C 

Operating and Storage Junction 


-65 to +200 

mi 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

*JA 

62.5 

•c/w 

Thermal Resistance, Junction to Case 

*JC 

2.5 

•c/w 
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2N3950 (continued) 


ELECTRICAL CHARACTERISTICS (Ta * 25°C unless otherwise noted) 


| Characteristic 

WEESMM 

Min 

lyp 

Max 

Unit 

OFF CHARACTERISTICS 

Collector- Emitter Sustaining Voltage (1) 

(I c = 200 mAdc, Ig > 0) 

BV CEO(8us) 

85 

- 

- 

Vdc 

Collector- Emitter Breakdown Voltage 
(I c - 10 mAdc, V Bg - 0) 

bv ces 

65 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I £ - 10 mAdc, I c - 0) 

bv ebo 

4.0 


- 

Vdc 

Collector Cutoff Current 
(V CB - 65 Vdc, I E - 0) 

I CBO 

— 

— 

10 

mAdc 

(V CB « 28 Vdc, I E - 0, T A » 150°C) 


— 

— 

10 



DYNAMIC CHARACTERISTICS 



Current- Gain — Bandwidth Product 
(I E ■ 500 mAdc, V CE * 28 Vdc, f = 50 MHz) 


FUNCTIONAL TEST 















































R;„ (ohms) p eut watts) 


2N3950 (continued) 


CLASS C DESIGN DATA FOR V Ci ^ 28 Vdc, T c = 25*C 


(EMITTER GROUNDED DIRECTLY TO THE CHASSIS - NO TUNED-EMITTER TECHNIQUES USED) 


FIGURE 3 — POWER OUTPUT 



10 20 30 50 70 100 

f, FREQUENCY (MHz) 


FIGURE 4 - PARALLEL EQUIVALENT OUTPUT CAPACITANCE 



10 20 30 50 70 100 

f, FREQUENCY (MHz) 


FIGURE 5 - PARALLEL EQUIVALENT INPUT RESISTANCE 







































= 30 W 






- 





„50W„ 






























































10 20 30 50 70 100 

f, FREQUENCY (MHz) 


FIGURE 6 - PARALLEL EQUIVALENT INPUT CAPACITANCE 



DESIGN NOTES 

For Class-C power-amplifier designs, the small-signal parameters are not applicable. Figures 4 thru 
6 and 8 thru 10 give the parallel equivalent output capacitance and input capacitance and resistance for 
Class-C power-amplifier operation. 

The parallel resistive portion of the collector load impedance for a power amplifier, Rl' may be com- 
puted by assuming a peak voltage swing equal to Vcc, and using the expression Rl' — Vcc*/2P where 
P = RF power output. The computed Rl' may then be combined with the data in Figures 4 through 10 
to comprise complete device impedance data for Class-C power-amplifier design. 

Due to the high performance capabilities of the 2N3950, care should be exercised during initial 
tuning of prototype circuits. 

Input power should be increased gradually, while stopping at intermediate levels to tune. If tuning 
difficulties are experienced, or if the power or collector current are abnormal at any intermediate power 
input level, the difficulties should be resolved before increasing power levels further. 

The 2N3950 is designed to provide maximum ruggedness commensurate with its high perfor- 
mance. Operation at loads with high SWR may produce dangerous voltage and current excursions, a 
condition which should be avoided. In addition, disconnecting the load at full power output could in- 
crease device dissipation to over 70 watts which could result in device failure due to dissipation beyond 
safe limits set by the junction to ambient thermal resistance, regardless of the internal construction 
and safe area of the device. 
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(WATTS) 




2N3959 (SILICON) 

2n3960 


CASE 22 

(TO- 18) 



NPN silicon annular transistors particularly well 
suited for high-speed current- mode logic switching ap- 
plications. 


Collector connected to case 

MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector- Base Voltage 

V CB 

20 

Vdc 

Collector- Emitter Voltage 

V CEO 

12 

Vdc 

(1 to 30 mA) 



Emitter-Base Voltage 

V EB 

4.5 

Vdc 

Total Device Dissipation @ Tq = 25°C 

P D 

750 

mW 

Derate above 25°C 


4.3 

mW/°C 

Total Device Dissipation @ T^ = 25°C 

p D 

400 

mW 

Derate above 25°C 


2.3 

mW/°C 

Thermal Resistance 


■NH 

°C/mW 

Junction to Case 

0JC 


Junction to Ambient 

0 JA 

1 


Junction Operating Temperature Range 

Tj 

200 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


ELECTRICAL CHARACTERISTICS ( t a = 25°C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage 

Uc = 10 juAdc, I E = 0) 


bv cbo 

20 


Vdc 

Collector- Emitter Breakdown Voltage 
(I c = 10 mAdc, I B = 0) 


bv ceo 

12 



Vdc 

Emitter-Base Breakdown Voltage 

(I E = 10 MAdc, I c = 0) 


bv ebo 




Vdc 

Collector Reverse Current 
( V CE = 10 vdc > V EB = 2 Vdc) 

(V CE = 10 Vdc, V EB = 2 Vdc, T A = 150°C) 

9 

k:EX 

— 

.005 

5.0 

MAdc 

Base Cutoff Current 
(V CE = 10 Vdc, V EB = 2 Vdc) 

9 

X BL 



.005 

fi Adc 

Collector Forward Current 
(V CE = 5 Vdc, V BE = 0.4 Vdc) 

9 

l CEX 

— 

1.0 

MAdc 
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2N3959, 2N3960 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 

ON CHARACTERISTICS 

DC Current Gain 

l 

h FE 




(I c = 1.0 m Adc, , V C£ = 1 Vdc) 


25 

— 


(I c = 10 mAdc, V CE = 1 Vdc) 



40 

400 

m 

(I c = 30 mAdc, V CE = 1 Vdc) 



25 

— 


Collector- Emitter Saturation Voltage 

Bn 

V CE(sat) 



Vdc 

(Ic = 1.0 mAdc, Ig = 0.1 mAdc) 

i ■ ■ 

— 

0.2 


(Ic = 30 mAdc, Ig = 3 mAdc) 

■ 


— 

0.3 


Base-Emitter "ON” Voltage 

msm 

V BE(ON) 



Vdc 

(I c = 1.0 mAdc, V CE = 1.0 Vdc) 


— - 

0.8 


(I c = 30 mAdc, V CE = 1.0 Vdc) 

1 


— 

1.0 



TRANSIENT CHARACTERISTICS 


Output Capacitance 


8 

Cob 



pF 

(Vcb = 4 Vdc, I E = 0, f = 1 kHz) 



— 

2.5 

Input Capacitance 


8 

Cib 


warn 

pF 

(Vg E , = 0-5 Vdc, Ic = 0, f = 100 kHz) 



— 



High-Frequency Current Gain 



am 




(I c = 10 mAdc, V C£ - 10 Vdc, f = 100 MHz) 

2N3959 


13 


■ 

2N3960 



16 

■BRI 

R 

Current- Gain - Bandwidth Product 


mu 

m 



MHz 

(I c = 5 mAdc, V C£ = 4 Vdc, f = 100 MHz) 

2N3959 



1000 




2N3960 



1300 

— 


(I c = 10 mAdc, V CE - 10 Vdc, f = 100 MHz) 

2N3959 

R ■ 

■ 

1300 




2N3960 

■ ■ 


1600 

— 


(I c = 30 mAdc, V CE * 4 Vdc, f * 100 MHz) 

2N3959 

■ 

m 

1000 




2N3960 

mm 

u R 

1200 

- — 


Collector-Base Time Constant 


6 

r K C C 



ps 

(I c = 5 mAdc, V CE = 4 Vdc) 

2N3959 


D c 

— 

30 

2N3960 



— 

50 


(I c = 10 mAdc, V CE - 10 Vdc) 

2N3959 





25 



2N3960 



— 

40 


(I c = 30 mAdc, V C£ = 4 Vdc) 

2N3959 

2N3960 



__ 

30 

50 






Typical Performance 


TYPICAL SWITCHING TIMES 




(v out = 

1 v) 





@ 10 mA 

@ 30 mA 


Turn-On Delay Time 

! 

— 

^on(delay) 

2.4 

2.0 

ns 

Rise Time 

2N3I959 

■■ 

t r 

3.0 

2.2 

ns 


2N3960 

■ 


3,0 

1.7 

ns 

Turn-Off Delay Time 


mm 

^off (delay) 

1.6 

1.6 

ns 

Fall- Time 

2N3959 


k 


2.3 

ns 


2N3960 

Hr 


HSH 

1.9 

ns 
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COEFFICIENT (mV/ °C) 


2N3959, 2N3960 (continued) 


FIGURE 1 

MINIMUM DC CURRENT GAIN 


FIGURE 2 

COLLECTOR SATURATION REGION 




1.0 2.0 3.0 5.0 7.0 10 20 30 

l c , COLLECTOR CURRENT (mA) 

FIGURE 3 



1.0 2.0 3.0 5.0 7.0 10 20 30 


1 1.5 2 2.5 3 3.5 4 

OVERDRIVE FACTOR (/8 o /0f) 

FIGURE 4 


MAXIMUM COLLECTOR BASE TIME CONSTANT 



1.0 2.0 3.0 5.0 7.0 10 20 30 


l c . COLLECTOR CURRENT (mA) 


l c . COLLECTOR CURRENT (mA) 


FIGURE 5 

TYPICAL TEMPERATURE COEFFICIENTS 



0 10 20 30 


l c , COLLECTOR CURRENT (mA) 


FIGURE 6 

MINIMUM CURRENT GAIN-BANDWIDTH PRODUCT 



1.0 2.0 3.0 5.0 7.0 10 20 30 

l c . COLLECTOR CURRENT (mA) 
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2n3970 (SILICON) 

2n3971 

2n3972 


SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 


Depletion Mode (T ype A) Junction Field-EffectT ransistors designed 
primarily for chopper and high-speed switching applications. 

• High Input Impedance — 

IQSS = 250 pAdc (Max) @ Vqs = 20 Vdc 

• Low Drain-Source "ON" Resistance — 

rds(on) = 30 Ohms (Max) @ f = 1 .0 kHz (2N3970) 

• Guaranteed Switching Characteristics 


’MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

40 

Vdc 

Drain-Gate Voltage 

V DG 

40 

Vdc 

Reverse Gate-Source Voltage 

v GS(r) 

40 

Vdc 

Forward Gate Current 

>GF 

50 

mAdc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

1.8 

10 

Watts 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

* Indicates JE DEC Registered Data. 





N-CHANNEL 

JUNCTION FIELD-EFFECT 
TRANSISTORS 

(Type A) 



r 


MIN 


-H — o.ioo 



Pin 1. Source 

2. Drain 

3. Gate and Case 


CASE 22 (4) 
TO-18 


2-691 




2N3970, 2N3971, 2N3972 (continued) 


"ELECTRICAL CHARACTERISTICS^ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 

V(BR)GSS 

40 

- 

Vdc 

(l G = 1.0 pAdc, Vq S = 0) 





Gate Reverse Current 

•gss 

- 

250 

pAdc 

(V GS = 20 Vdc, V DS = 0) 





Drain Reverse Current 

•dgo 




(V DG = 20 Vdc, I S = 0) 


- 

250 

pAdc 

(V DG = 20 Vdc, l S = 0, T A = 1 50°C) 


- 

500 

nAdc 

Drain Cutoff Current 

•D(off) 




(V DS = 20 Vdc, V GS - - 12 Vdc) 


- 

250 

pAdc 

(V DS = 20 Vdc, V GS = - 12 Vdc. T A = 150°C) 


- 

500 

nAdc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current (Note 1) 






(Vds = 20 Vdc, Vqs = 0) 

2N3970 





2N3971 






2N3972 





Gate-Source Voltage 






(V DS = 20 Vdc, l D = 1.0 nAdc) 

2N3970 





2N3971 



H ' 








Drain-Source "ON" Voltage 


v DS(on) 



Vdc 

(l D = 20 mAdc, V GS = 0) 

2N3970 


- 

1.0 


(Iq = 10 mAdc, Vqs * 0) 

2N3971 


- 

1.5 


(Ip - 5.0 mAdc, Vqs = 0) 

2N3972 


- 

2.0 


Static Drain-Source "ON" Resistance 


r DS(on) 



Ohms 

(Iq = 1-0 mAdc, Vqs = 0) 

2N3970 

- 

30 


2N3971 


— 

60 



2N3972 


- 

100 



SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON" Resistance 
(V GS * 0, l D = 0,f * 1.0 kHz) 

2N3970 

2N3971 

2N3972 

r ds(on) 

- 

30 

60 

100 

Ohms 

Input Capacitance 

(V D S = 20 Vdc, Vqs - 0, f = 1 .0 MHz) 


c iss 

- 

25 

PF 

Reverse Transfer Capacitance 
(V D S “ 0, Vqs - - 12 Vdc, f = 1.0 MHz) 


c rss 


6.0 

pF 


SWITCHING CHARACTERISTICS 


Turn-On 

Test Condition for 2N3970: 






Delay Time 

( V DD = 10 Vdc, VQs(on) = °» (D(on) = 20 mAdc, 

2N3970 

^(on) 

_ 

10 

ns 


v GS(off) = 10 Vdc) 

2N3971 


— 

15 



2N3972 


— 

40 



Test Condition for 2N3971 : 






Rise Time 

(Vqd = 10 Vdc, VQs(on) = *D(on) = 10 mAdc, 

2N3970 

V 

- 

10 

ns 


v GS(off) = 50 Vdc) 

2N3971 


- 

15 




2N3972 


— 

40 



Test Condition for 2N3972: 






Turn-Off Time 

(Vqd “ 10 Vdc, VQs(on) = (D(on) “5.0 mAdc, 

2N3970 

toff 

- 

30 

ns 


v GS(off) “ 3 0 Vdc) 

2N3971 


- 

60 




2N3972 


- 

100 



* Indicates JE DEC Registered Data. 

Note 1 : Pulse Test: Pulse Width - 300 fis. Duty Cycle « 3.0%. 
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2 n 3980 (SILICON) 



Silicon annular PN unijunction transistor designed for 
military and industrial use in pulse, timing, sensing, 
and oscillator circuits. 


CASE 22 A 

(TO-18 Modified) 

(Lead 3 connected to case) 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

RMS Power Dissipation* 

P D 

360* 

mW 

RMS Emitter Current 


50 

mA 

Peak Pulse Emitter Current** 


1.0** 

Amp 

Emitter Reverse Voltage 

v 

V B2E 

30 

Volts 

Interbase Voltage 

WBKKM 

35 

Volts 

Storage Temperature Range 

T stg 

-65 to +200 

°C 


* Derate 2. 4 mW/°C increase in ambient temperature. Total power dissipation (available power 
to Emitter and Base-Two) must be limited by external circuitry. 

♦♦Capacitance discharge current must fall to 0. 37 Amp within 3. 0 ms and PRR < 10 PPS. 
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2N3980 (continued) 


ELECTRICAL CHARACTERISTICS <t a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Intrinsic Standoff Ratio 

n 




_ 

(V B2B1 * 10 V > Note 1 


0.68 

— 

0.82 


Interbase Resistance 

R BB 




k ohms 

<W 30V ’ ‘e = °> 

4.0 

6.0 

8.0 


Interbase Resistance Temperature Coefficient 

“ r bb 




%/°c 

(V B2B1 * 3 ‘ 0 V ’ X E = °» T A = " 65 ° C t0 +100 ° C) 

0.4 

— 

0.9 


Emitter Saturation Voltage 

V EBl(sat) 




Volts 

(V b2B i = 10 V, I E = 50 mA) Note 2 

— 

2.5 

3.0 


Modulated Interbase Current 

^(mod) 




mA 

< V B2B1 1 10 V ' ] E * 50 mA > 

12 

15 



Emitter Reverse Current 

! eo 





< V B2E = 30V ’ I Br°> 

— 

5.0 

10 

nA 

< V B2E = 30V - [ B1 “ °- T A =125-C) 


— 

— 

1.0 

mA 

Peak Point Emitter Current 

J P 




M A 

< V B2B1 = 25V > 


— 

0.6 

2.0 


Valley Point Current 

l V 




mA 

( V B2B1 = 20 V ’ ^2 = 100 ohms) Note 2 


1.0 

4.0 

10 


Base -One Peak Pulse Voltage 

V 0B1 




Volts 

(Note 3, Figure 3) 

6.0 

8.0 

— 


Maximum Oscillation Frequency 

f(max) 




MHz 

(Figure 4) 


1.0 

1.25 

— 



NOTES 

1. Intrinsic standoff ratio, 

?7, is defined by equation: 

q- Vp-VCai ) 

V B2B1 

Where V p = Peak Point Emitter Voltage 
v B2Bi ~ ,nte|r base Voltage 
V( EB1 ) = Emitter to Base-One Junction Diode Drop 
(-0.5 V @ 10 /tA) 


2. Use pulse techniques: PW - 300 /* s duty cycle -2% to avoid 
internal heating due to interbase modulation which may result in 
erroneous readings. 

3. Base-One Peak Pulse Voltage is measured in circuit of Figure 3. 
This specification is used to ensure minimum pulse amplitude for 
applications in SCR firing circuits and other types of pulse circuits. 


FIGURE 1 - UNIJUNCTION TRANSISTOR FIGURE 2 - STATIC EMITTER 
SYMBOL AND NOMENCLATURE CHARACTERISTICS CURVES 


FIGURE 3-Vobi TEST CIRCUIT 

(Typical Relaxation Oscillator) 


FIGURE 4 -F(max) MAXIMUM 
FREQUENCY TEST CIRCUIT 


(Exaggerated to Show Details) 
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2n3993, 2n3994 (silicon) 
2n3994A 


SILICON P-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 


Depletion Mode (Type A) Junction Field-Effect Transistors 
designed primarily for chopper and high-speed switching applications. 


• Low Leakage Currentf- 

lOGO = 1-2 nAdc (Max) @ VqG = 15 Vdc 


• Low R everse T ransfer Capacitance — 

C r ss= 4.5 pF (Max) @ VqS = 10 Vdc (2N3993) 


Low Drain-Source "ON" Resistance - 

r ds(on) = 150 Ohms (Max) @ f = 1.0 kHz (2N3993 ) 


P-CHANNEL 

JUNCTION FIELD-EFFECT 
TRANSISTORS 

(Type A) 


•MAXIMUM RATINGS 
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2N3993, 2N3994, 2N3994A (continued) 


^ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(l G = 1.0/uAdc, V DS = 0) 

V(BR)GSS 

25 

— 

Vdc 

Drain Reverse Current 


'dgo 




(V D G = -15 Vdc, l s = 0) 



- 

1.2 

nAdc 

(V DG = -15 Vdc, l S = 0, T A = 150°C) 



- 

1.2 

MAdc 

Drain Cutoff Current 


'D(off) 




(Vds - -10 Vdc, V G s =10 Vdc) 

2N3993 


- 

1.2 

nAdc 

(V DS = -10 Vdc, V GS = 6.0 Vdc) 

2 N 3994, 2N3994A 


- 

1.2 


(Vds = -10 Vdc, V GS = 10 Vdc, T A = 150°) 

2N3993, 2N3993A 


- 

1.0 

MAdc 

(V GS = -10 Vdc. Vgs = 6.0 Vdc, T a = 150°) 

2 N 3994, 2N3994A 


— 

1.0 



ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current (Note 1) 

(v D s = -io vdc, v GS = o) 2 N 3993 

2N3994, 2N3994A 

IDSS 

10 

2.0 


mAdc 

Gate-Source Voltage 

vgs 



Vdc 

(V D S = “10 Vdc, l D = -1.0 MAdc) 2N3993 


4.0 

9.5 


2N3994, 2N3994A 


1.0 

5.5 



SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON" Resistance 


r ds(on) 



Ohms 

(V GS = 0, 1 D = 0,f = 1.0 kHz) 

2N3993 


- 

150 


2N3994, 2N3994A 


- 

300 


Forward Transadmittance (Note 1) 


1 Vfs 1 



mmhos 

(V D S * - 10 Vdc, V GS * 0,f = 10 kHz) 

2N3993 


6.0 

12 



2N3994 


4.0 

10 



2N3994A 


5.0 

10 


Input Capacitance 


Cj S s 



PF 

(V D S = “10 Vdc, V GS = 0,f = 1.0 MHz) 

2N3993, 2N3994 


- 

16 


2N3994A 


- 

12 


Reverse T ransfer Capacitance 

! 

Crss 


4.5 

pF 

(V D S • 0, V GS * 1° Vdc, f = 10 MHz) 

2N3993 




(V D S = 0, Vqs = 6.0 Vdc, f = 1.0 MHz) 

2N3994 


- 

5.0 


2N3994A 


- 

3.5 



"Indicates JEDEC Registered Data. 

Note 1 : Pulse Test: Pulse With = 1 00 ms. Duty Cycle ^10% 
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2n4012 (SILICON) 


CASE 36 

(TO- 60 ) 



stud isolated from case 


NPN silicon annular transistor, designed for frequency - 
multiplication applications. 


MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEO 

40 

Vdc 

Collector-Emitter Voltage 
< V EB(off) = 1 - 5VdC > 

V CEV 

65 

Vdc 

Collector -Base Voltage 

V CB 

65 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current 

! C 

1. 5 

Amps 

Total Device Dissipation @ = 25°C 

P D 


Watts 

Derate Above 25°C 



mW/°C 

Operating and Storage Junction Temperature Range 

T J ,T stg 


°c 


FIGURE 1 — TRIPLER TEST CIRCUIT 



RFC, = 0.22 /xH 

RFC 2 = 0.33 OHMS. W. W. RESISTOR 

L, = 2 TURNS, W DIAMETER. NO. 16 WIRE 

L 2 = 1/16" WIDTH COPPER STRIP, %" LONG 

L 3 = 2 TURNS, %" DIAMETER, NO. 18 WIRE 

L* = 1 Vi TURNS, W DIAMETER, 1/16" COPPER STRIP 

OUTPUT CAVITY = 1 Va" X IW X 2 Vi" 

CENTER CONDUCTOR = OD TUBE 

OUTPUT DIRECT COUPLE = 1" FROM SHORTED END 
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2N4012 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 





Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage* ^ 

(I c = 0 to 200 mAdc, I 0 = 0) 





- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(I c = 0 to 200 mAdc, V £B ^ off j =1.5 Vdc) 



- 

■ 

Vdc 

Collector- Base Breakdown Voltage 
(I c = 0.1 mAdc, I £ = 0) 



- 

- 

Vdc 

Emitter -Base Breakdown Voltage 
(I E = 0.1 mAdc, I c = 0) 

bv ebo 

B 

- 

■ 

Vdc 

Collector Cutoff Current 
(V CE =30 Vdc, I B = 0) 


- 

- 




ON CHARACTERISTICS 


DC Current-Gain 

(Ic = 1.0 Adc, Vce = 5.0 Vdc) 

(Ic = 125 mAdc, Vce = 5.0 Vdc) 



- 


- 

Collector-Emitter Saturation Voltage 
(I„ = 500 mAdc, I_ = 100 mAdc) 

L D 


- 

- 




DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I c = 125 mAdc, V CE = 28 Vdc, f = 100 MHz) 

■■ 

■ 


- 

mi 

Collector-Base Cutoff Frequency t 
(V CE =28 Vdc, I c = 0) 

f c 

■ 

H 

■ 


Output Capacitance 

(V CB = 30 Vdc, I E = 0) 

C ob 

■ 

■ 

B 

pF 

Base -Spreading Resistance 

(I c = 250 mAdc, V c£ = 28 Vdc, f = 400 MHz) 


- 


B 



FUNCTIONAL TEST 


Power Output 

Tripler (Test Circuit Figure 1) 

V C E = 28 Vdc, Pin = 1 W, f in = 334 MHz, 
f ou t = 1002 MHz 

P , 
out 

|| 

- 

- 


Efficiency 

n 

25 

- 

- 

% 


Doubler 

Vce = 28 Vdc, P in = 1 W, f in = 400 MHz, 
fout = 800 MHz 

p 

out 

- 


- 

Watts 


n 

- 

35 

- 

% 


Ul Pulsed through a 25 mH inductor; duty cycle = 50% 

+ f is determined from Q measured at 210 MHz. f = Q x 210 MHz. 
c c 
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2n4015 (SILICON) 

2n4016 


DUAL PNP SILICON ANNULAR TRANSISTORS 


. . . designed for differential amplifier applications. 

• Collector-Emitter Breakdown Voltage - 

BVcEO = 60 Vdc (Min) @ lc = 10 mAdc 

• Collector-Base Breakdown Voltage - 

BVcBO = 66 Vdc (Min) @ lc = 0.01 mAdc 

• Low Noise Figure - 

NF = 4.0 dB (Max) @ lc = 0.03 mAdc 

• Low Base-Voltage Differential — 

Vbe 1 _ VbE 2 = 2.5 mVdc (Max) 2N4016 

• Tight DC Current Gain Ratio — 

h FEf/ h FE2 = 0.9 to 1.0 


^MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current 

•c 

300 

mAdc 

Base Current 

•b 

100 


Operating and Storage Junction 

Tj,T St g 

-65 to +200 


Temperature Range 




Wsm 



Each 

Total 




Transistor 

Package 


Total Device Dissipation @T/^ = 25°C 

Pd 

400 

500 

mW 

Derate above 25°C 


2.29 

2.86 

mW/°C 

Total Device Dissipation @Tc = 25°C 


0.85 



Derate above 25°C 


4.85 



‘Indicates JE DEC Registered Data. 


PNP SILICON 
MATCHED DUAL 
TRANSISTORS 




Bottom View 



PINS 4 AND 8 OMITTED 
All Leads Electrically Isolated from Case 


CASE 654-04 
Formerly Case 32-02 
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2N4015, 2N4016 (continued) 


•ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown VoltageO) 

(l C = lOmAdc, l B = 0) 

bvceo 

60 

- 

Vdc 

Collector-Base Breakdown Voltage 

BVcbO 

60 

- 

Vdc 

(l c = 10/iAdc, l E =0) 





Emitter-Base Breakdown Voltage 

bvebo 

5.0 

- 

Vdc 

(l E = 10/xAdc, l c = 0) 





Collector Cutoff Current 

*CBO 




(V C B = 50 Vdc, l E = 0) 


- 

10 

nAdc 

(V C b = 50 Vdc, l E = 0, T A = +150°C) 


- 

10 

/uAdc 

Emitter Cutoff Current 

'EBO 

- 

0.1 

MAdc 

(V E B = 3.0 Vdc, l C = 0) 






ON CHARACTERISTICS 


DC Current Gain 

(1C = 0.01 mAdc, Vqe = 5.0 Vdc) 

(l C = 0.1 mAdc, V C E = 5.0 Vdc) 

(l C = 1 .0 mAdc, V C E = 5.0 Vdc) 

(IC = 50mAdc, V C E = 5.0 Vdc)(1) 

hFE 

80 

120 

135 

115 

350 


Collector-Emitter Saturation VoltageU) 

[\q = 50 mAdc, l B = 2.5 mAdc) 

VCE(sat) 

- 

0.25 

Vdc 

Base-Emitter Saturation Voltage(l) 

(lC = 50 mAdc, Ig = 2.5 mAdc) 

v BE(sat) 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product(2) 

(lC = 50 mAdc, V C E = 20 Vdc, f = 100 MHz) 

(l C = 1.0 mAdc, V C E = 10 Vdc, f = 20 MHz) 

fT 

200 

60 

600 

MHz 

Output Capacitance 
(Vcb = 10 Vdc, l E = 0, f = 1.0 MHz) 

C 0 b 

- 

8.0 

pF 

Input Capacitance 

(V E b = 0-5 Vdc, l C = 0, f = 1.0 MHz) 

Cib 

- 

25 

pF 

Input Impedance 

(lC =1-0 mAdc, V C E = 10 Vdc, f = 1.0 kHz) 

h ie 

— 

11.5 


Voltage Feedback Ratio 
(l C = 1.0 mAdc, V C E = 10 Vdc, f = 1.0 kHz) 

h re 


15 


Small-Signal Current Gain 

(l C = 1 .0 mAdc, V C E = 1 0 Vdc, f = 1 .0 kHz) 

hfe 

135 

420 

- 

Output Admittance 

(l C = 10 mAdc, V C E = 10 Vdc, f = 1.0 kHz) 

h oe 

- 

80 


Noise Figure 

(l C = 0.03 mAdc, V CE = 5.0 Vdc, 

R S = 1 0 k ohms, f = 1 .0 kHz, BW = 200 Hz) 

NF 


4.0 

dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio 
(l C = 0.1 to 1.0 mAdc, V C E - 5.0 Vdc) 

hFEl/ h FE2 

0.9 

1.0 

- 

Base Voltage Differential 


l v BE1-VBE2l 




(lC - 0.1 to 1.0 mAdc, VcE = 5.0 Vdc 

2N4015 


— 




2N4016 


— 



Base Voltage Differential Gradient 


a(v B ei-V BE 2) 



mVdc 

(l C = 0.1 to 1.0 mAdc, V CE = 5.0 Vdc, 


AT A 




T a = -55°C to +25°C) 

2N4015 


- 

1.6 



2N4016 


- 

0.8 


(lC = 0.1 to 1 .0 mAdc, V C E = 5.0 Vdc, 






T A = +25°C to +125°C) 

2N4015 


- 

2.0 



2N4016 


- 

1.0 



* Indicates JEOEC Registered Data. 

(1) Pulse Test: Pulse Width = 300 ns. Duty Cycle = 1.0%. 

(2) f j is defined as the frequency at which |hf e | extrapolates to unity. 
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2n4048 thru 2n4053 (GERMANIUM) 


PNP germanium power transistors designed for 
high-current applications requiring high gain and ex- 
tremely low saturation voltage. 

Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

2N4048 

2N4051 

0239 

EjSJ 

iH 

Unit 

Collector -Emitter Voltage 

v 

CEO 

30 

45 

60 

Vdc 

Collector-Emitter Voltage 

V CES 

45 

60 

75 

Vdc 

Collector-Base Voltage 

V CB 

45 

60 

75 

Vdc 

Emitter-Base Voltage 

V EB 

25 

30 

40 

Vdc 

Collector Current — Continuous 

J c* 

60 ► 

Adc 

Total Device Dissipation @ T^, = 25° C 
Derate above 25° C 

P D 

170 ► 

-« 2.0 ► 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

65 to +110 ► 

°c 


THERMAL CHARACTERISTICS 


Characteristic 


Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 


°c/w 





20 40 60 80 100 120 

To CASE TEMPERATURE (°C) 

* JEDEC Registered Values, For True Capability See Figure 3 
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2N4048 thru 2N4053 (continued) 

ELECTRICAL CHARACTERISTICS (T c = 25*C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaget 
(I c = 1.0Adc, I B = 0) 

2N4048, 

2N4049, 

2N4050, 

2N4051 

2N4052 

2N4053 

B W 

30 

45 

60 

- 

Vdc 

Collector-Emitter Breakdown Voltage 



BV 



Vdc 

(I = 300 mAdc, V„ = 0) 

2N4048, 

2N4051 


45 

_ 



2N4049, 

2N4052 


60 

_ 



2N4050, 

2N4053 


75 

- 


Floating Potential 



v 



Vdc 

<V CB = 45 Vdc, I E = 0) 

2N4048, 

2N4051 


- 

0.5 


(V CB = 60 Vdc, ^ = 0) 

2N4049, 

2N4052 


- 

0.5 


< V CB =75VdC > I E =0) 

2N4050, 

2N4053 


- 

0. 5 


Collector Cutoff Current 



I 



mAdc 

(V CE ■ 30 Vdc, V BE(of{) = 2. 0 Vdc, T c = +71° C) 

2N4048, 

2N4051 


- 

15 


(V CE = 45 Vdc, V BE(off) = 2.0 Vdc, T c = +71*0 

2N4049, 

2N4052 


- 

15 


(V CE = 60 Vdc, V B£(off) - 2. 0 Vdc, T c = +71*0 

2N4050, 

2N4053 


- 

15 


Collector Cutoff Current 



i 



mAdc 

(V CB = 2.0 Vdc, Ig = 0) 



CBO 

- 

0.2 


(V CB = 45 Vdc, Ig = 0) 

2N4048, 

2N4051 


- 

4.0 


(V CB =60 Vdc, Ij, = 0) 

2N4049, 

2N4052 


- 

4.0 


(V cb = 75 Vdc, I^O) 

2N4050, 

2N4053 


- 

4.0 


Emitter Cutoff Current 



X EBO 



mAdc 

(V 0E =25 Vdc, I c =0) 

2N4048, 

2N4051 

- 

4.0 


(V BE =25 Vdc, I c =0, T c = +71 °C) 




- 

15 


<V BE = 30 Vdc, I c = 0) 

2N4049, 

2N4052 


- 

4.0 


(V BE =30 Vdc, I c =0, T c = +71° C) 




- 

15 


(V BE = 40 Vdc, I c = 0) 

2N4050, 

2N4053 


- 

4.0 


(V BE = 40 Vdc, I c = 0, T c = +71° C) 




- 

15 



ON CHARACTERISTICS 


DC Current Gaint 
(I c =15Adc, V CE =2.0 Vdc) 

(I c =60Adc, V CE =2.0 Vdc) 

2N4048, 2N4049 , 2N4050 
2N4051, 2N4052, 2N4053 

■w 

60 

120 

15 

180 

240 


Collector-Emitter Saturation Voltaget 
(I c = 15 Adc, I B = 1.0 Adc) 


V CE(sat) t 

_ 


Vdc 

(I c = 60 Adc, I B = 6.0 Adc) 



- 

■ 


Base-Emitter Saturation Voltaget 
(I c = 15 Adc, I B = 1.0 Adc) 


V BE(sat) t 

. 


Vdc 

(I c = 60 Adc, I B = 6.0 Adc) 



- 

mm 



SMALL SIGNAL CHARACTERISTICS 


Common-Emitter Cutoff Frequency 

f 



kHz 

(I c =15 Adc, V CE =2.0 Vdc) 

ae 

2.0 

- 



t To avoid excessive heating of the collector junction, perform test with pulse method. 


The switching performance of this transistor is determined primarily 
by the gain-bandwidth product, fj*, and the behavior of the base-spreading 
resistance, r*'. 

In the case of rise time, the base-spreading resistance plays a small 
part, and the test circuit delivers a constant current step of turn on current 
to the transistor (l| t ) Therefore, the curve of t r on Figure 6 follows theory 
closely, i.e.: 


From the curve, it can be seen that f T is roughly constant with current; using 
the equation, its large signal value can be calculated to be approximately 
120 kHz at the 20-Amp level. A lower supply voltage will increase rise time 
slightly. 

Turn-off time is slow because of conductivity modulation which occurs 
in the base region. When the transistor is held "on” in saturation, the base 
region becomes filled with excess charge; i.e., charge in excess of that 


necessary to sustain the circuit limited value of lc- As a result, the base 
resistivity and consequently r% become very low. During turn off, as the 
excess charge is reduced, the accompanying increase in resistivity causes 
a marked reduction in the turn-off current, ij?, as can be seen from the wave- 
forms of Figure 5. During fall time, the i B2 current is very low causing an 
extended fall time. 

Only a slight improvement in turn-off performance is achieved with a 
"speed-up" capacitor placed across R B . This unusual behavior occurs be- 
cause r B ' limits the amount of reverse current which can be achieved. Also, 
it seems evident that r B ' increases with applied reverse current, so that 
efforts to speed up the turn-off behavior are somewhat futile. 

In most applications, switching time will be close to the values shown 
on Figure 6. Delay time is not shown as it is negligible in comparison to the 
other times. 


* f T fo« x hf. 
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I c , COLLECTOR CURRENT (AMP) rtt lf D) TRANSIENTTHERMAL RESISTANCE, NORMALIZED 


2N4048 thru 2N4053 (continued) 


FIGURE 2 - TRANSIENT THERMAL RESISTANCE 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1000 2000 5000 10000 

t lf PULSE WIDTH (ms) 


There are two limitations on the power han - 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate Ic-Vce limits of the transistor that 
must be observed for reliable operation; i.e. the 
transistor must not be subjected to greater dissipa 
tion than the curves indicate. 

The data of Figure 3 is based on Tjjpj,) = 
110°C; T c is variable depending upon conditions. 
Pulse curves are valid for duty cycles to 10% pro- 
vided Tj(pi) < 110°C. Tj(pi) may be calculated 
from the data in Figure 2. At high case tempera- 
tures, thermal limitations will reduce the power 
that can be handled to values less than the limi- 
tations imposed by secondary breakdown. 


FIGURE 3 - ACTIVE REGION SAFE-OPERATING AREA FIGURE 4 - SAFE OPERATING AREA TEST CIRCUIT 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 5 —SWITCHING TEST CIRCUIT 



FIGURE 6 -SWITCHING TIMES 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

l c . COLLECTOR CURRENT (AMP) 























2n4066 (SILICON) 

2n4067 


DUAL P-CHANNEL 
MOS FIELD-EFFECT TRANSISTORS 


Enhancement Mode MOS Field-Effect Transistors designed 
primarily for low-power, chopper or switching applications. 


High Forward Transadmittance - 

|yf s | = 2.5 mmhos (Min) @ Vqs = "15 Vdc (2N4067) 


• Low Forward Gate Current — 

Iq p = 2.5 pAdc (Max) @ Vqs = “25 Vdc 


• Low Drain-Source “ON" Resistance - 

rds(on) = 250 Ohms (Max) @ Vqs ® -15 Vdc (2N4067) 


"MAXIMUM RATINGS 


DUAL P-CHANNEL 
MOS FIELD-EFFECT 
TRANSISTORS 



Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

-30 

Vdc 

Drain-Gate Voltage 

v D g 

-25 

Vdc 

Reverse Gate-Source Voltage 

V GSR 

+25 

Vdc 

Forward Gate-Source Voltage 

vgsf 

-25 

Vdc 

Drain Current 

'd 

200 

mAdc 

Total Device Dissipation @Ta = 25°C 

Pd 



Derate above 25°C 




Total Device Dissipation @Tq = 25°C 

Pd 

1.7 


Derate above 25°C 


11.3 


Storage Temperature Range 

T stg 


°C 

Operating Junction Temperature Range 

Tj 

-65 to +175 

°c 

'Indicates JE DEC Registered Data. 
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2N4066, 2N4067 (continued) 


*ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(l D = 10/uAdc, V GS = 0) 

V (BR)DSS 

-30 

- 

Vdc 

Source-Drain Breakdown Voltage 
(IS = lOjuAdc, Vq D = 0) 

V (BR)SDS 

-30 

- 

Vdc 

Zero-Gate Voltage Source Current 
(V S D * -15 Vdc, V GD = 0) 

'SDS 

_ 

1.0 

nAdc 

(V SD = -15 Vdc. V GD - 0, T a - 150°C) 


- 

2.0 

juAdc 

Zero-Gate Voltage Drain Current (Note 1) 

(Vqs “ -15 Vdc, Vqs = 0) 

•dss 


1.0 

nAdc 

(V DS = -15 Vdc. V GS = 0, T A = 150°C) 


- 

2.0 

juAdc 


ON CHARACTERISTICS 


Gate-Source Threshold Voltage 
(Vqs = -15 Vdc, l G = 10 jxAdc) 

V GS(TH) 

-3.0 

-6.0 

Vdc 

Forward Gate Current 
(V GS = -25 Vdc, V DS = 0) 

»GF 

- 

2.5 

pAdc 

"ON" Drain Current 
(V D S = -15 Vdc, V GS = -15 Vdc) 

^(on) 

10 

50 

mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Static Drain-Source "ON" Resistance 
(Vqs = -15 Vdc, l D = 0,f= 1.0 kHz) 

2N4066 

2N4067 

r ds(on) 

- 

500 

250 

Ohms 

Forward Transadmittance (Note 1) 

(Vqs = -15 Vdc, Vqs = -15 Vdc, f - 1.0 kHz) 

( V DS = -1 5 Vdc, Vqs = - 1 5 Vdc, f = 1 .0 kHz, 

T A = 100°C) 

2N4066 

2N4067 

2N4066 

2N4067 

Ivfsl 

1.5 

2.5 

1.0 

1.75 

- 

mmhos 

Output Admittance 

(V DS = -15 Vdc, Vqs = -15 Vdc, f= 1.0 kHz) 


Ivosl 

- 

300 

/itmhos 

Input Capacitance 

(Vqs = -15 Vdc, Vqs = -15 Vdc, f = 1.0 MHz) 


Cjss 

- 

7.0 

pF 

Reverse Transfer-Capacitance 
( V DS = 0, Vqs = 0, f = 1 .0 MHz) 


c rss 

- 

1.5 

pF 

Source-Substrate Capacitance 
(Vqu = -15 Vdc, Vqs = 0, Is = 0, f = 1.0 MHz) 


Csu 

- 


PF 

Drain-Substrate Capacitance 
(Vsu = -15 Vdc, Vqs = 0, Is = 0, f = 1.0 MHz) 


C DU 

- 


PF 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vqd = -15 Vdc, lo(on) = 1° mAdc, 

td 

_ 

20 

ns 

Rise Time 

v GS(on) * -15 Vdc, VQs(off) = 0) 

tr 

_ 

30 

ns 

Turn-Off Time 

toff 

- 

50 

ns 


"Indicates JEDEC Registered Data. 

Notel: Pulse Test: Pulse Widths 630 ms. Duty Cycle ^ 1 0%. 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 
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2n4072 (SILICON) 
2n4073 



CASE 22 CASE 31 

(TO-18) (TO-5) 

2N4072 2N4073 


NPN silicon annular transistors designed as ampli- 
fiers and drivers for large-signal VHF and UHF ap- 
plications. 


Collector connected to case 

MAXIMUM RATINGS 


Rating 

Symbol 

2N4072 

2N4073 

Unit 

Collector -Emitter Voltage 

v 

V CEO 

20 

Vdc 

Collector -Base Voltage 

V CB 

40 

Vdc 

Emitter -Base Voltage 

V EB 

4.0 

Vdc 

Collector Current -Continuous 

*c 

100 

150 

mAdc 

Total Device Dissipation @ T. = 25 °C 

P D 

0.35 

- 

Watt 

Derate Above 25 °C 

u 

2.0 

- 

mW/°C 

Total Device Dissipation @ T p = 25 °C 

P D 

_ 

1.5 

Watts 

Derate above 25 °C 

u 

- 

8.57 

mW/°C 

Operating Junction and Storage Temperature Range 

T J’ T stg 

-65 to +200 

°C 


ELECTRICAL CHARACTERISTICS (t a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

STATIC CHARACTERISTICS 

Collector -Emitter Sustaining Voltage 

(I c = 15 mAdc, I B = 0) 

BV CEO(sus) 

20 

- 

- 

Vdc 

Collector -Base Breakdown Voltage 
(I c = 0. 1 mAdc, I E = 0) 

bv cbo 

40 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 0. 1 mAdc, I c = 0) 

bv ebo 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 15 Vdc, I E = 0) 

(V CB = 15 Vdc, I E = 0, T a = 150°C) 

*CBO 

- 

■ 

0. 1 

100 

/iAdc 

DC Current Gain 

(I c = 25 mAdc, V CE = 2 Vdc) 

h FE 

10 

- 

- 

- 

DYNAMIC CHARACTERISTICS 

Current -Gain—Bandwidth Product 

(I c = 25 mAdc, V C£ = 10 Vdc, f = 100 MHz) 

*T 

- 

550 

- 

MHz 

Output Capacitance 

(V CB = 15 Vdc, I E = 0, f = 100 kHz) 

C ob 

- 

3.0 

4.0 

PF 
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2N4072, 2N4073 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 


FUNCTIONAL TEST 


Symbol 


Power Gain 

2N4072 

Power Output 

P. = 25 mW, * 13.6 Vdc, 

in l, r, 

Collector Efficency 

f = 175 MHz 

Power Gain 

2N4073 


Test Circuit - Figure 5 

Power Output 

P. n = 50 mW, V C£ = 13. 6 Vdc, 

Collector Efficiency 

f = 175 MHz 


Typ Max 


FIGURE 1 - POWER OUTPUT versus FREQUENCY 


FIGURE 2 - POWER OUTPUT versus POWER INPUT 


f = 175 MHz 

T c = 25 °c 


\mx 


IIHI 


1*1 


f, FREQUENCY (MHz) 


FIGURE 3 - POWER OUTPUT versus FREQUENCY 


P in , POWER INPUT (mW) 


FIGURE 4 - POWER OUTPUT versus POWER INPUT 


f, FREQUENCY (MHz) 


FIGURE 5 -175 MHz TEST CIRCUIT 



V C e = 15 Vdc 



Pi„, POWER INPUT (mW) 


Li — 3 turns #16 tinned wire; 
Vi" ID air wound; 
winding length W 
L 2 - 6 turns #16 tinned wire; 
Vi" ID air wound; 
winding length W 


Capacitor values in pF unless 
otherwise indicated. 

Tuning Capacitors are air variable. 
















































2n4091 (SILICON) 

2n4092 

2n4093 


SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 


Depletion Mode (Type A) Junction Field-Effect Transistors designed 
for chopper and high-speed switching applications. 

• Low Drain-Source "On" Resistance — 

rds(on) = 30 Ohms (Max) @ f = 1 .0 kHz (2N4091 ) 

• Low Source Reverse Current — 

ISGO = 0-2 nAdc (Max) @ VsG = 20 Vdc 

• Guaranteed Switching Characteristics 


N-CHANNEL 

JUNCTION FIELD-EFFECT 
TRANSISTORS 

(Type A) 



MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 
Drain-Gate Voltage 
Gate-Source Voltage 
Gate Current 

Total Device Dissipation @Tp = 25° C 
Derate above 25° C 

Operating Junction Temperature Range 
Storage Temperature Range 


Symbol Value 

Vno 40 


-65 to +175 
-65 to +200 



FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 
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2N4091, 2N4092, 2N4093 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate -Source Breakdown Voltage 
(I G = 1.0 MAdc, V DS = 0) 

V (BR)GSS 

40 

- 

Vdc 

Drain-Gate Breakdown Voltage 
(I D = 1.0 M Adc, I s = 0) 

V (BR)DGO 

40 

- 

Vdc 

Gate -Source Cutoff Voltage 


V GS(off) 



Vdc 

(V Dg = 20 Vdc, I Q = 1. 0 nAdc) 

2N4091 

5.0 

10 


2N4092 


2.0 

7.0 



2N4093 


1.0 

5.0 


Source Reverse Current 


! sgo 



nAdc 

< V SG = 20 VdC ’ I D =0) 


- 

0.2 


Drain Reverse Current 


*dgo 



nAdc 

(V D G = 2° vdc , I s =0) 


- 

0. 2 


(V DG = 20 Vdc, I D = 0, T A = 150° C) 



“ 

0.4 

jutAdc 

Drain-Cutoff Current 


r D(off) 




(V Dg = 20 Vdc, V Gg = 12 Vdc) 

2N4091 

- 

0.2 

nAdc 

(V DS = 20Vdc, V QS = 8.0 Vdc) 

2N4092 


- 

0.2 


( V DS = 20 Vdc > V GS = 6 * 0 vdc ) 

2N4093 


- 

0.2 


(V DS = 20 Vdc, V QS = 12 Vdc, T A = 150° C) 

2N4091 


- ' 

0.4 

juAdc 

( V Ds = 20 Vdc, V Gg = 8. 0 Vdc, T A = 150° C) 

2N4092 


- 

0.4 


(V DS = 20 Vdc, V GS = 6. 0 Vdc, T A = 150° C) 

2N4093 



0.4 



ON CHARACTERISTICS 


Zero-Gate Voltate Drain Current'll) 

<V DS = 20 Vdc . V GS = 0) 

2N4091 

2N4092 

2N4093 

! dss 

30 

15 

8.0 


mAdc 

Drain-Source "ON” Voltage 


v 



Vdc 

(I D = 6. 6 mAdc, V Gg = 0) 

2N4091 


- 

0.2 


(I D = 4.0 mAdc, V QS = 0) 

2N4092 


- 

0.2 


(I D = 2. 5 mAdc, V Gg = 0) 

2N4093 


- 

0.2 


Static Drain-Source "ON" Resistance 





Ohms 

(^ = 1. 0 mAdc, V Gg = 0) 

2N4091 


- 

30 



2N4092 


- 

50 



2N4093 


- 

80 



SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON" Resistance 
(V Gs = °> I D = °» f = LO kHz) 

2N4091 

2N4092 

2N4093 

r ds(on) 

- 

30 

50 

80 

Ohms 

Input Capacitance 

( V Ds = 20 vdc > v gs = °» f = !• 0 MHz ) 

C. 

iss 

- 

16 

PF 

Reverse Transfer Capacitance 
( V Ds = 0, V QS = 20 Vdc, f = 1. 0 MHz) 

C 

rss 

- 

5.0 

pF 


SWITCHING CHARACTERISTICS 


Delay Time (See Figure 1) 

< I D(onr 6 - 6mAdC > 

(I D(on) =4 -° mAdc) 

(I D(on) =2 ' 5mAdc) 

2N4091 

2N4092 

2N4093 

‘d 

- 

15 

15 

20 

ns 

Rise Time (See Figure 1) 


‘r 



ns 

(I D(on) = 6 ' 6 mAdc) 

2N4091 


- 

10 


(I D(on) M -° mAdc) 

2N4092 


- 

20 


Vn) =2 ' 5mAdc) 

2N4093 


- 

40 


Turn-Off Time (See Figure 1) 


t off 



ns 

(V GS(ofl)= 12Vdc ) 

2N4091 


- 

40 


(V GS(off) = 8 - 0Vdc > 

2N4092 


- 

60 


< V GS(o«> = 6 -° Vdc) 

2N4093 


- 

80 



^ Pulse Test: Pulse Widths 300 jus, Duty Cycles 3. 0%. 
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CAPACITANCE (pF) 


2n4123 (SILICON) 
2n4124 



CASE 29(1) 

(TO-92) 


NPN silicon transistors designed for general purpose 
switching and amplifier applications and for comple- 
mentary circuitry with PNP types 2N4125 and 2N4126. 
Features one-piece, injection-molded plastic package 
for high reliability. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N4123 

2N4124 

Unit 

Collector-Emitter Voltage 

V CEO 

30 

25 

Vdc 

Collector- Base Voltage 

V CB 

40 

30 

Vdc 

Emitter -Base Voltage 

V EB 

5. 

0 

Vdc 

Collector Current 

! C 

20( 

) 

mAdc 

■ ' ' ■ ! 

Total Device Dissipation @ = 25 °C 

Derate above 25°C 

P D 

35C 

2.73 

) 

mW 

mW/°C 

Operating and Storage Junction Temperature Range 

T J’ T stg 

-55 to +150 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

*JA 

0.357 

°C/mW 



REVERSE BIAS VOLTAGE (VOLTS) 


l c . COLLECTOR CURRENT (mA) 
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2N4123, 2N4124 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


| Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 



bv ceo 

30 


Vdc 

(I c = 1 mAdc, I E = 0) 

2N4123 


— 


2N4124 



25 

- 


Collector- Base Breakdown Voltage 



bv cbo 



Vdc 

(I r = 10 MAdc, I„ = 0) 

2N4123 


40 

— 



2N4124 



30 

- 


Emitter-Base Breakdown Voltage 



bv ebo 



Vdc 

(I E = 10 utAdc, I c = 0) 



5.0 

" 


Collector Cutoff Current 



! cbo 



nAdc 

(V CB = 20 Vdc, I E = 0) 



~ 

50 


Emitter Cutoff Current 



^EBO 



nAdc 

(V BE - 3 Vdc, I c = 0) 



— 

50 



ON CHARACTERISTICS 


DC Current Gain ^ 

(I„ = 2 mAdc, V rTr = 1 Vdc) 2N4123 

C CE 2N4124 

(I~ = 50 mAdc, = 1 Vdc) 2N4123 

c CE 2N4124 

9 

h FE 

50 

120 

25 

60 

150 

360 


Collector-Emitter Saturation Voltage (1) 

(I c = 50 mAdc, I B = 5 mAdc) 

10. 11 

V CE(sat) 

- 

0. 3 

Vdc 

Base-Emitter Saturation Voltage < D 
(1^ = 50 mAdc, Ig = 5 mAdc) 

11 

V BE(sat) 

- 

0.95 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


High-Frequency Current Gain 

(I„ = 10 mAdc, V„- = 20 Vdc, f = 100 MHz) 2N4123 

c CE 2N4124 


| 

2.5 

3.0 

_ 


Current-Gain — Bandwidth Product 

(I 0 = 10 mAdc, = 20 Vdc, f = 100 MHz) 2N4123 

C CE 2N4124 


f T 

250 

300 

- 

MHz 

Output Capacitance 

(V CB = 5 Vdc, I E = 0, f = 100 kHz) 

1 

C ob 

- 

4.0 

pF 

Input Capacitance 

(V BE = 0. 5 Vdc, I c = 0, f = 100 kHz) 

1 

c ib 

- 

8.0 

PF 

Small-Signal Current Gain 

(1^ = 2 mAdc. V,,*, = 1 Vdc, f = 1 kHz) 2N4123 

c CE 2N4124 

5 

K 

fe 

50 

120 

200 

480 

■1 

Noise Figure 

(I c = 100 MAdc, V CE = 5 Vdc, R g =lk ohm, 

Noise Bandwidth = 10 Hz to 15. 7 kHz) 2N4123 

2N4124 

■ 

NF 

- 

6.0 

5.0 

dB 


SWITCHING CHARACTERISTICS 


Characteristic 


Symbol 

Typ 

Unit 

Delay Time 

V CC = 3Vdc ’ V EB(off) = 0 - 5Vdc - 
1^ = 10 mAdc, I B1 = 1 mAdc 

2 

*d 

24 

ns 

Rise Time 

2 


13 

ns 

Storage Time 

WSBSSKKM 

2 

. _ 's 

125 

ns 

Fall Time 

2 

tf ^ 

11 

ns 


^ Pulse Test: Pulse Width = 300 ms, Duty Cycle = 2% 
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INPUT IMPEDANCE IfeOS CURRENT GAIN tf, m%l F | 6URE m 





Vce. COLLECTOR EMITTER VOLTAGE (VOLTS) h FE , NORMALIZED CURRENT GAIN 


2N4123, 2N4124 (continued) 


STATIC CHARACTERISTICS 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

l c . COLLECTOR CURRENT (mA) 



.01 .02 .03 .05 .07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

li, BASE CURRENT (mA) 


FIGURE 1 1 - “ON" VOLTAGES FIGURE 12 - TEMPERATURE COEFFICIENTS 
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CAPACITANCE (pF) 


2n4125 (SILICON) 
2n4126 


PNP silicon transistors designed for general purpose 
switching and amplifier applications and for comple- 
mentary circuitry with NPN types 2N4123 and2N4124. 
Features one-piece, injection-molded plastic package 
for high reliability. 

CASE 29(1) 

(TO-92) 


MAXIMUM RATINGS 


Rating 

Symbol 

2N4125 

2N4126 

Unit 

Collector-Emitter Voltage 

v 

v CEO 

30 

25 

Vdc 

Collector-Base Voltage 

V CB 

30 

25 


Emitter -Base Voltage 

V EB 

4.0 

Vdc 

Collector Current 

! c 

200 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

350 

II 

Derate above 25°C 


2. 

73 


Operating and Storage Junction Temperature Range 


-55 to +150 

°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

°JA 

0.357 

°C/mW 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

REVERSE BIAS (VOLTS) 


FIGURE 2 — SWITCHING TIMES 
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2N4125, 2N4126 (continued) 


ELECTRICAL CHARACTERISTICS (Ta - 25°c unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage' W 



bV ceo 



Vdc 

(I c = 1 mAdc, I E = 0) 

2N4125 


30 

_ 


2N4126 



25 

- 


Collector -Base Breakdown Voltage 



bv cbo 



Vdc 

(I c = 10 fxAdc, I E = 0) 

2N4125 


30 

— 


2N4126 



25 

- 


Emitter -Base Breakdown Voltage 



bv ebo 



Vdc 

(I E = 10 M Adc, I c = 0) 



4.0 



Collector Cutoff Current 



! CBO 



nAdc 

(V CB = 20 Vdc, I E = 0) 



“ 

50 


Emitter Cutoff Current 



X EBO 

■ 


nAdc 

(V be = 3 Vdc, I c ■ 0) 



liMI 

50 

HHH 


ON CHARACTERISTICS 


DC Current Gain ^ 

(I r = 2 mAdc, V rTP * 1 Vdc) 2N4125 

c ^ 2N4126 

(I„ = 50 mAdc, V«-, * 1 Vdc) 2N4125 

C 2N4126 

9 

h FE 

50 

120 

25 

60 

150 

360 

■ 

Collector-Emitter Saturation Voltage’O) 

(1^ = 50 mAdc, Ig = 5 mAdc) 

10. 11 

V CE(sat) 


0.4 

Vdc 

Base-Emitter Saturation Voltage'fl) 

(1^, = 50 mAdc, Ig = 5 mAdc ) 

11 

V BE(sat) 


0.95 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


High-Frequency Current Gain 



mm 




(I c = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) 

2N4125 



— 


2N4126 


H 


- 

§81j§ H 

Current-Gain — Bandwidth Product 






MHz 

(I c = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) 

2N4125 



200 

— 


2N4126 



250 

- 


Output Capacitance 


1 

C ob 



pF 

(V CB = 5 Vdc > x e = °» i= 100kHz ) 



~ 

4. 5 


Input Capacitance 


1 

c ib 



pF 

(V BE = 0. 5 Vdc, I c = 0, f = 100 kHz) 



“ 

10 


Small-Signal Current Gain 



1 




(I c = 2 mAdc. V CE = 1 Vdc, f = 1 kHz) 

2N4125 

m 

50 

200 


2N4126 

HI 


120 

480 


Noise Figure 


mmmm 

NF 



dB 

(I c = 100 MAdc. V CE = 5 Vdc, R g = 1 k ohm, 







Noise Bandwidth = 10 Hz to 15. 7 kHz) 

2N4125 

H 


_ 

5.0 



2N4126 

■ ■ 


“ 

4.0 

■H 


SWITCHING CHARACTERISTICS 


Characteristic 

Fig. No. 

Symbol 

Typ 

Unit 

Delay Time 

V cc - 3 Vdc, V BE(off) - 0. 5 Vdc, 

1^, = 10 mAdc. I B1 = 1 mAdc 

2 

‘d 

25 

ns 

Rise Time 

2 

‘r 

18 

ns 

Storage Time 

V cc = 3 Vdc, I c = 10 mAdc, 

! B1 = l B2 = 1 mAdc 

2 


140 

ns 

Fall Time 

2 

*f 

15 

ns 


(1) Pulse Test: Pulse Width = 300 Msec, Duty Cycle = 2 % 
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2N4125, 2N4126 (continued) 

AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE FIGURE 

Vet = 5 Vdc. T* = 25*C 

FIGURE 3 - FREQUENCY VARIATIONS FIGURE 4 - SOURCE RESISTANCE 




h PARAMETERS 


V C6 = 10 V, f = 1 kHz, T a = 25'C 




0.1 0.2 0.5 1.0 2.0 5.0 10 

l c , COLLECTOR CURRENT (mAi) 



l c , COLLECTOR CURRENT (mAu 
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2n4130 NPN (SILICON) 


The 11F Line 


NPN SILICON RF POWER TRANSISTOR 


. . . designed primarily for use in large-signal output amplifier stages. 
Intended for use in industrial communications equipment operating 
to 100 MHz. High breakdown voltages allow a high percentage of 
up-modulation in AM circuits operated at 28 volts. 

• Balanced Emitter Construction 

• Power Output - P ou t = 50 W @ 70 MHz 

• Collector-Base Voltage - 80 Vdc 

• Case Common to Emitter 


f MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

65 

Vdc 

Col lector- Base Voltage 

v CBO 

80 

Vdc 

Emitter-Base Voltage 

vebo 

4.0 

Vdc 

Collector Current — Continuous 

•c 

10 

Adc 

Base Current — Continuous 

*B 

2.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

PD 

120 

Watts 

Derate above 25°C 


0.8 

W/°C 

Operating Junction Temperature 

Tj 

+175 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


‘Indicates JEDEC Registered Data 


2-719 






2N4130 (continued) 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

\ Characteristic j Symbol | Min \ Typ | Max { Unit } 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(1C = 50mAdc, l B = 0) 

v CEO(sus) 

65 

- 

• 

Vdc 

Collector-Emitter Sustaining Voltage 

0c = 50 mAdc, R BE - 0) 

v CES(sus) 

80 

- 

- 


Collector Cutoff Current 

■CEV 




mAdc 

(V C E = 75 Vdc, V BE = -1.5 Vdc) 


- 

- 



(V C E = 50 Vdc, V BE = -1.5 Vdc, T C = 150°C) 


- 

“ 



Collector Cutoff Current 

*CBO 

- 

- 



(V C b = 80 Vdc, l E = 0) 






Emitter Cutoff Current 

*EBO 

- 

- 

1.0 


(Veb = 4.0 Vdc, l C = 0) 







ON CHARACTERISTICS 


DC Current Gain(1) 

0c - 2.0 Adc, V C E = 5.0 Vdc) 

(1C = 10 Adc, V C E = 5.0 Vdc) 

hpE 

10 

10 

- 

60 


Collector-Emitter Saturation Voltage! D 
(l C - 10 Adc, l B ^ 2.0 Adc) 

v CE(sat) 

— 

~ 

2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product(2) 

(«C = 2.0 Adc, V C E = 10 Vdc, f = 50 MHz) 

fT 

125 

- 

- 

MHz 

Output Capacitance 
(V C b = 28 Vdc, l E = 0, f = 0.13 MHz) 

Cob 

- 

125 


pF 


FUNCTIONAL TEST (Figure 1) 


Power Input (Figure 1) 

(Pout = 50 W, R$ = 50 Ohms, V C E 25 28 Vdc, f = 70 MHz) 

Pin 

- 

- 

8.0 

Watts 

Collector Efficiency 

(Pout = 50 W, Rs = 50 Ohms, Vqe = 28 Vdc, f = 70 MHz) 

T? 

50 

~ 

— 

% 


‘indicates JEDEC Registered Data 
Notes: 

(1) Pulse Test: Pulse Width^TlOO jus, Duty Cycle = 1 .0%. 

(2) f-p js defined as the frequency at which |hf e | extrapolates to unity. 


FIGURE 1 - 70 MHz POWER GAIN TEST CIRCUIT 



C5 1500 pF FEEDTHRU CAPACITOR L4 3/4" LONG, 1/4" WIDE, 0.3" THICK COPPER STRAP 
C6,C7 24-200 pF MICA TRIMMER 
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2n4151 (SILICON) 

thru 


2n4198 






2N4151 thru 2N4198 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

*Peak Forward Blocking Voltage (1) 

V DRM 



BBSS! 

Volts 

(Tj «= 100°C) 2N4151,59,67, 75. 83,91 


25 

H 



2N4152, 60, 68,76,84,92 


50 

■ ■ 



2N4153, 61, 69, 77,85, 93 


100 

■ ■ 

B 


2N4154, 62, 70, 78, 86, 94 


200 

■ 

B 


2N4155, 63. 71,79. 87,95 


300 


B 


2N4156, 64,72. 80, 88,96 


400 




2N4157, 65, 73,81,89, 97 


500 

■ 

B 


2N4158, 66, 74, 82, 90, 98 


600 




•Peak Forward Blocking Current 

'DRM 




mA 

(Rated Vqrm @ Tj = 100°C, gate open) 


- 

- 

2.0 


•Peak Reverse Blocking Current 

•rrm 




mA 

(Rated Vqrm @ Tj = 100°C, gate open) 


- 

- 

2.0 


Gate Trigger Current (Continuous dc) (2) 

'GT 

■ ■ 

■ 


mA 

(Anode Voltage = 7.0 Vdc, Rj_ = 100 ft) 



■ 

30 


•(Anode Voltage = 7.0 Vdc. R L - 100 ft T c = -40°C) 


B 

■ 

60 


Gate Trigger Voltage (Continuous dc) 



■ 


Volts 

(Anode Voltage = 7.0 Vdc, R|_ = 100 ft) 




1.5 


•(Anode Voltage = 7.0 Vdc, R L = 100 ft, T c = -40°C) 




2.5 


•(Anode Voltage = 7.0 Vdc, R L = 100 ft, Tj = 100°C) 



■BH 

- 


•Forward "On” Voltage (pulsed, 1.0 ms max, duty cycle ^1%) 

VT 




Volts 

(l F = 15.7 A) 


- 


2.0 


Holding Current 

•h 

■ 



mA 

(Anode Voltage = 7.0 Vdc, gate open) 



■ 



•(Anode Voltage = 7.0 Vdc, gate open, Tq = -40°C) 



B 



Turn-On Time (t^ + t r ) 

*on 

| 


bbb 

US 

(Iq = 20 mAdc, l F = 5.0 Adc) 






Turn-Off Time 

toff 




MS 

Of = 5.0 Adc, l R =5.0 Adc) 


- 

15 

- 


(l F = 5.0 Adc, l R = 5.0 Adc, Tj = 100°C) 


- 

25 

- 


< V FXM = rated voltage) 






(dv/dt = 30 V/ms) 






Forward Voltage Application Rate 

dv/dt 




v/ms 

(Gate open, Tj = 100°C) 


- 

50 

- 



(1) Ratings apply for zero or negative gate voltage. These devices should not be tested with a constant current source for forward or reverse 
blocking capability such that the voltage applied exceeds the rated blocking voltage. 

(2) For optimum operation, i.e. faster turn-on, lower switching losses, best di/dt capability, recommended Iqt = 200 mA minimum. 

•Indicates JEDEC Registered Data 


TYPICAL TRIGGER CHARACTERISTICS 


FIGURE 1 - CONSTANT CURRENT 
TRIGGERING 



FIGURE 2 - CAPACITIVE DISCHARGE 
TRIGGERING 
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2N4151 thru 2N4198 (continued) 


CURRENT DERATING 


FIGURE 3 - MAXIMUM CASE TEMPERATURE 


FIGURE 4 - MAXIMUM AMBIENT 
TEMPERATURE 




lT(AV). AVERAGE FORWARD CURRENT (AMP) 


IT(AV), AVERAGE FORWARD CURRENT (AMP) 


FIGURE 5 - FORWARD POWER 
DISSIPATION 


FIGURE 6 - MAXIMUM SURGE CAPABILITY 



lT(AV), AVERAGE FORWARD CURRENT (AMP) 



FIGURE 7 - THERMAL RESPONSE 
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HEAT SINK AREA (SQUARE INCHES) ij, INSTANTANEOUS ON-STATE CURRENT (AMP) 


2N4151 thru 2N4198 (continued) 


FIGURE 8 - FORWARD VOLTAGE FIGURE 9 - HOLDING CURRENT 



vr, INSTANTANEOUS ON-STATE VOLTAGE (VOLTS) 


Tj, JUNCTION TEMPERATURE (°C) 


IGURE 10 - TYPICAL THERMAL RESISTANCE OF PLATES 


FIGURE 11 - CASE-TO-AMBI ENT THERMAL RESISTANCE 



J l 

1.0 

1 J 1 1 1 1 1 l 

2.0 5.0 

— L_a 

10 

15 

101 

0 

J 1 

100 

i i 1 1 l— 

200 300 

400 

J 1 

500 


R0SA, THERMAL RESISTANCE (°C/W) 





AIRFLOW, LINEAR FT/MI N 




2-724 





2N4151 thru 2N4198 (continued) 


MOUNTING and THERMAL INFORMATION 


The versatility of the Motorola SCR can-type package 
affords a variety of mounting methods to meet individual re- 
quirements. Depending upon the thermal resistance value be- 
tween the SCR case and a heat sink, any mounting method 
which satisfies the current derating curves may be used. Pos- 
sible mounting media include: solder, epoxy cements; clips 
(fuse, resistor, transistor, special); clamps; commercial or 
special dissipators, retainers, coolers, and radiators. 

When mounting the SCR's to a heat sink, the following 
recommendations apply: 

A. Heat Sink Contact 

1. Since the silicon die is located in the case bottom, 
(opposite end from tubed header point A as shown 
on the mechanical outline drawing, Figure 12.) the 
heat sink contact should be made with case bottom 
for proper heat transfer. 

B. General Soldering Precautions 

1. Solder — Use solder with melting points between 
+ 175°C and +225°C. The commonly-used tin-lead 
alloy solders have melting points of +188°C (60/40 
alloy) and +214°C (50/50 alloy). 

2. Flux (when used) — Non-corrosive resin preferred. 

3. When spidering to the device terminals or leads, use 
of a heat dissipator between soldering point and 
SCR case is recommended. 

C. Case Soldering Methods 

1. Heat Sink Materials: 

a. Copper and most of its alloys present no problem 
in soldering and would probably be the most fav- 
orable heat sink material. 

b. Stainless steel is difficult to solder. However, us- 
ing a strong acid-filled solder, satisfactory solder- 
ing can be achieved. 

c. In most cases where soldering is difficult, such as 
with aluminum, proper preparation with a tin coat- 
ing on the material can bring about good results. 

Depending on specific needs, soldering can be effected 

by using either hot plate, oven, or belt feed furnace. In 

all cases, temperature must be controlled. 

2. Hot Plate — The hot plate is probably the most effec- 
tive and flexible method of soldering. The following 
method is recommended: 

a. Set surface temperature of hot plate to a maxi- 
mum of 225°C. 

b. Place heat sinks on hot plate for approximately 5 
minutes. 

c. Place Vs " - l A " diameter solder preform on area of 
heat sink to be soldered. 

d. After solder becomes liquid, place device on this 
area applying slight pressure and rotating the de- 
vice slightly to assure good contact. Flux may be 
used here if required. Frequently, suitable wetting 
can be achieved mechanically when the device is 
rotated in the liquid solder, depending upon the 
device surface conditions. 

e. Remove heat sinks from heat source and free 
air cool. 

3. Oven — When soldering is performed in an oven, use 
a solder preform (disc, 0.300" x 0.010") or flatten 
solder wire (Vs "-*4") before placing it on the heat 
sink. For an inert atmosphere such as N 2 , dry air, 
etc., a flux is recommended. If H 2 N 2 is available and 
used, flux should not be required. Again, tempera- 
ture must be controlled. 


4. Belt Feed Furnace — The procedures are much the 
same as with the oven method, with the exception 
that possibly a jig would be required to hold the 
device and the heat sink in the proper position. 

D. Epoxy Mounting Suggestions 

1. There are many good commercial epoxies available 
today, such as Hysol's “HY-TAC” kit or 3M’s 
“Scotch Cast #9”. Suitable mounting may be ob- 
tained by following the epoxy manufacturer’s rec- 
ommendations for mixing and then cementing the 
thyristor to the mounting surface with a slight pres- 
sure and rotary movement. If improved thermal 
conductivity is desired, powdered alumina (325 
mesh) may be mixed into the epoxy in a proportion 
of 70% (epoxy) to 30% (alumina). If electrical in- 
sulation is desired between the thyristor and a heat- 
sink, thin fiberglass tape (course surface) or mica 
discs may be used. 

The primary reason for specifying mounting details is to 
help maintain the junction temperature of the SCR at a safe 
level and hence provide satisfactory operation. The funda- 
mental relationship between junction temperature and heat 
sinks can be expressed as follows: 

T J =T A + R0 JA p D 

where: 

Tj = junction temperature (100 # C max operating for 
these devices) 

T/\= ambient temperature 

m junction-to-ambient thermal resistance 
= R0JC + R0 CA (with R 0CA = R 0CS + R0 SA when 
heat sink used) 

R0jC = junction-to-case thermal resistance 
R0CA= case-to-ambient thermal resistance 
ROcs = case-to-heat sink thermal resistance 
R0SA = heat sink-to-ambient thermal resistance 

Pq = average power dissipated in the SCR 

It is more accurate to base circuit designs upon the case temper- 
ature. The preferred method to determine case temperature is to 
place a thermocouple on the package at point A as shown on the 
mechanical outline drawing. Figure 12. Even when used in free 
air, the mass of .the package is large enough so that it will not 
respond to heat surges generated at a 60 Hz rate or higher once 
steady -state conditions are achieved. 

For operation with a heat sink, normally, the R0CS portion of 
R0CA will range between 0.2 and 1°C/W for the can type SCR's, 
depending upon the particular mounting. R0 qa is approximately 
0. 2°C/W for the stud packages when used with a thermal grease. 
Likewise, the R0 sa portion of R0qa will vary with the shape, 
material, and configuration of the heat sink as well as with the 
surrounding conditions. Figure 10 is a very basic guide to R0§a- 

For free air operation, in instances where the case temperature 
cannot be measured or for preliminary engineering work, the case 
temperature can be estimated by using values of case-to-ambient 
thermal resistance, obtained from Figure 1 1 and the relation: 

T C = R0 CA p D +t A 

The graph of Figure 1 1 indicates that the lead length of the SCR 
and the thermal mass of the connection to the lead will influence 
the value of R0 qa- 

For convenience. Figure 4 shows derating information when 
the parts are in a still air ambient mounted on a typical P.C. board. 
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2N4151 thru 2N4198 (continued) 



LEAD 

STYLE 1 
(Thyristors) 

© 

GATE 

© 

CATHODE 

<S> 

ANODE 


1, The case (anode) leads for the 2N4183-90 and 
2N4191-98 series may be attached by either soldering or 
welding techniques. 

2. On all package types: Manufacturer may optionally use 
a small metal tab on the case perimeter opposite the gate 
terminal for terminal identification purposes. 


3. Point A indicates temperature reference point 
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2n 4199 thru 2 n4204 (SILICON) 



CASE 63 


Fast switching, high-voltage thyristors especially 
designed for pulse modulator applications in radar and 
other similar equipment. Available as JAN devices. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage* (Tj=105°C) 

^ROM(rep)* 

50 

Volts 

Repetitive Peak Forward Current 
(PW = 3. 0 jis, Duty Cycle = 0. 6%, 

T c = 85°C max) 

*FM(rep) 

100 

Amp 

Current Application Rate** 


5000 

A/fiS 

Peak Gate Power-Forward 

P GFM 

20 

Watts 

Average Gate Power -Forward 

P GF(AV) 

1.0 

Watt 

Peak Gate Current- Forward 

'gfm 

5.0 

Amp 

Peak Gate Voltage- Forward 

V 

GFM 

10 

Volts 

Reverse *** 

V GRM *** 

10 


Operating Junction Temperature Range 

Blocking State 

Conducting State 

t j 

-65 to +105 
-65 to +200 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 

Stud Torque 

— 

15 

in. lb. 


^Characterized for unilateral applications where reverse blocking capability is not important. 
Higher voltage units available upon request. V RO M(rep) may he applied as a continuous d c 
voltage for zero or negative gate voltage but positive gate voltage must not be applied con- 
currently with a negative potential on the anode. When checking blocking capability, do not 
permit the applied voltage to exceed the rated voltage. 

** Minimum Gate Trigger Pulse: i G = 200 mA, PW = 1 ^s, t r = 20 ns. 

**#Do not reverse bias gate during forward conduction if anode current exceeds 10 amperes. 
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2N4199 thru 2N4204 (continued) 


ELECTRICAL CHARACTERISTICS (T c== 25"C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 

Peak Forward Blocking Voltage* 2N4199 






(T n = 105°C) 2N4200 



H| . 


C 2N4201 




■ 


2N4202 




■ 


2N4203 




■ 


2N4204 




■ 


Peak Forward and Reverse Blocking Current 


HESS 



mA 

(Rated V FQM and V RQM , T c = 105°C, gate open) 

1 



Gate Trigger Current (Continuous dc) 


*GT 

■1 


mA 

(Anode Voltage = 7.0 Vdc, R^ = 100 ohms, T c = 25°C) 

14 

■ v 

50 


(Anode Voltage =7.0 Vdc, R L = 100 ohms, = -65°C) 



1 

100 


Gate Trigger Voltage (Continuous dc) 


V GT 


■Kjigj|§g 


(Anode Voltage = rated Vpo M » R l = 100 ohms, T^ = 105 1 C) 

12 

0.2 


1 1 

(Anode Voltage =7.0 Vdc, R^ = 100 ohms, T c = 25°C) 


— 


■ | 

(Anode Voltage =7.0 Vdc, R T = 100 ohms, = -65°C) 

JL C 



— 


1 

Holding Current 

18 

•ho 




(Anode Voltage =7.0 Vdc, gate open, T^ = 105°C) 


— 


Forward "On" Voltage 


v F 



Volts 

(I f = 2 Adc, PW = 1. 0 ms max, Duty cycle ^ 1%) 

8 


— 



Dynamic Forward "On" Voltage 


V F(on) 

■j 



(0. 5 fj.s after 50% decay point on dynamic forward voltage waveform.) 


■ ■ 


■ 

Forward Current: 30 A pulse (PFN discharge circuit. ) 

Gate Pulse: at 200 mA, PW =1.0 fis, t x = 20 ns 




25 

m 

Turn-On Time 





ns 

Delay Time All types 

1, 9 

4 d 

— 

■ 


Rise Time 2N4199 and 2N4200 

1, 11 

t r 



200 


2N4201 



— 



2N4202 



— 

130 


2N4203 and 2N4204 



— 



Pulse Turn-Off Time 

Test Conditions: PFN discharge; Forward Current = 30 A pulse; 

2,13 

*off (pulse) 

n 

20 

MS 

Reverse Current = 5.0 A, T^ = 85°C, dv/dt = 250 V//is to Rated V F0M . 
Reverse anode voltage during turn-off interval = 0 V; 1 

Reverse gate bias during turn-off interval = 6. 0 V. 



■ 



Forward Voltage Application Rate (Linear Rise of Voltage) 


dv/dt 



V/ms 

(T c = 105°C, gate open) 


250 


Thermal Resistance (Junction to Case) 

6 

*JC 

— 

3.0 

°C/W 


*V FOM for all types can be applied on a continous dc basis without incurring damage. Ratings apply for zero or negative gate voltage. When 
checking forward or reverse blocking capability, these devices should not be tested with a constant current source in a manner that the 
voltage applied exceeds the rated blocking voltage. Other voltage units available upon request. 


TEST CIRCUITS 


FIGURE 1 - TURN-ON TIME FIGURE 2 - TURN-OFF TIME 
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2N4199 thru 2N4204 (continued) 


FIGURE 3 -MAXIMUM ALLOWABLE FORWARD PULSE CURRENT 



CURRENT DERATING DATA 


FIGURE 4 -DERATING USING NO SWITCHING LOSSES 


FIGURE 5- DERATING USING TYPICAL SWITCHING LOSSES 



PW, PULSE WIDTH s) 



DESIGN NOTE 


Use of Transient Thermal Resistance Data 

A train of periodical power pulses can be represented by the model 
shown in Fig. A. Using the model and the device thermal response, the 
normalized effective transient thermal resistance of Fig. 6 was cal- 
culated for various duty cycles from: 

r(t) = D + (1 - D) • r(t A + t p ) + r(t A ) -r(t p ) 

To find 0jc(t) multiply the value obtained from Fig. 6 by the steady- 
state value (9 JC (*>). Use 3°C/W for worst-case results; use 2°C/W 
for typical information. 

DESIGN EXAMPLE 

A 2N4199 discharging a PFN, transient power pulse shown in Fig. C. 
Conditions: Vak = 150 V., Ipk = 44 A., f = 5000 Hz. 

Determine: AT 

Method 1 : (See Fig. A) P A t A is chosen to have the same energy as the 
actual power pulse, i.e. : the area under the curves are equal. Pa equals 
the peak of the actual power pulse. At a pulse repetition frequency of 
5000 Hz and T A = 2. 14 /as (D = 0.0107); the reading on Fig. 6 is 0.039. 


• • AT = r (t)0 JC (*) Pa = (0.039) (3) (1000) = 120*C. 

Method 2: For a power waveform where the time of the peak power 
is short compared to the total transient, the foregoing method results 
in an overly large safety factor. A pulse model closer to the real case 
is shown in Fig. B. Using the transient thermal resistance information 
for D = 0 in Fig. 6, AT(t 4 ) and A T (t 5 ) can be evaluated from 

£T(t<) = [p, |r(Tj ) + (1 - D,) • r(T + T, ) + D - r(T)] 

+ P 2 1(1 - D 2 ) • r(T) + Dj - r(T - T 2 )]-] # JC (») 

flT(t 5 ) = [p,[r(T 1 +T 2 )+(l - D,)-r(T + T, +T 2 )~ r(T+T 2 )- r(T 2 )] 

+ P 2 [ r(T 2 ) + (1 - D 2 . r(T + T 2 ) + D 2 - r(T)]] 0 JC (») 

The two results are compared; the one with higher value is taken for 
worst-case design. For the problem, values for the equivalent pulses 
of Fig. B are Pi = 1000 W, P 2 = 700 W, Ti = 1.05 /as, T 2 = 1.55 /as, 
Di= 5.25(10" 3 ), D 2 = 7.75(10" 3 ). 
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r(t), NOMALIZED 6> JC (t) 

FORWARD PULSE CURRENT (AMP) (EFFECTIVE TRANSIENT THERMAL RESISTANCE) 


2N4199 thru 2N4204 (continued) 








2N4199 thru 2N4204 (continued) 


SWITCHING CHARACTERISTICS 
FIGURE 9 -DELAY TIME 


iSSIII 


(RISE TIME OF GATE TRIGGER PULSE — 20 ns) 


FIGURE 1 

l & , GATE CURRENT (mA) 

1- CURRENT RISE TIME 









0.1 (xf CAPACITANCE DISCHARG 
. j F (p|<) = 5 JO 100 AMPS 1 

IE 




(SEE FIG. 1 - R L VARIED)! ! 



200 300 400 500 600 700 800 

V AK , ANODE-TO-CATHODE VOLTAGE (VOLTS) 

FIGURE 13 - TYPICAL TURN-OFF TIME 


IflPHi 


ai| 


REVERSE GATE BIAS 


FORWARD CURRENT FALL TIME<200 ns 


T Cl CASE TEMPERATURE (°C) 


TRIGGERING CHARACTERISTICS 
FIGURE 10 -TYPICAL PULSE TRIGGER CHARGE /CURRENT 




lEpHingisigii 


miinraiK 


0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 

r, PULSE WIDTH (/xs) 

FIGURE 12 - DC GATE TRIGGER VOLTAGE 




■2£PN 


Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 14 - DC GATE TRIGGER CURRENT 


Tj, JUNCTION TEMPERATURE (°C) 















2N4199 thru 2N4204 (continued) 



FIGURE 17 — FORWARD BLOCKING CURRENT 



Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 19 - TYPICAL ANODE-TO-CATHODE CAPACITANCE 
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2n4212 thru 2n4216 (SILICON) 



PNPN thyristors (silicon controlled rectifiers) de- 
signed for operation in mA/fiA signal or detection cir- 
cuits. 


MAXIMUM RATINGS * (T = 125 J C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage 
(Note 1) 2N4212 

V RSM(rep) 

25 

Volt 

2N4213 


50 


2N4214 


100 


2N4215 


150 


2N4216 


200 


Forward Current RMS 


■mn 

Amp 

(All Conduction Angles) 

T 

II 


Peak Surge Current 
(One Cycle, 60 Hz) 

I FM(surge) 

■■ 

Amp 

No Repetition until 

Thermal Equilibrium 
is Restored 


■ 


Peak Gate Power - Forward 

p 

GM 

0.1 

Watt 

Average Gate Power - Forward 

P G(AV) 

0.01 

Watt 

Peak Gate Current - Forward 

! gm 

0. 1 

Amp 

Peak Gate Voltage - Forward 

v 

GFM 

6.0 

Volt 

Reverse 

V 

V GRM 

6.0 


Operating Junction Temperature 

T j 

-65 to +125 

°C 

Range 




Storage Temperature Range 

T * 
stg 

-65 to +150 

°C 

Lead Solder Temperature 

- 

+230 

°C 

(> 1/16” from case, 10 sec. max) 






* JEDEC Registered Values. 


2-733 













































MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


2N4212 thru 2N4216 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25° C unless otherwise noted, R GK = 1000 ohms) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Peak Forward Blocking Voltage (Note 1) 

V DRM 



Volt 

2N4212 

25* 

- 


2N4213 


50* 

- 


2N4214 


100* 

- 


2N4215 


150* 

- 


2N4216 


200* 



Peak Reverse Blocking Current 

!rRM 

- 

200* 

mA 

(Rated V RSM , Tj = 125" C) 




Peak Forward Blocking Current 


- 


ilk 

(Rated Vj) R m, Tj = 125 J C) 




Forward "On” Voltage 

V F 




(I p = 1.0 A Peak) 


- 



(I F = 3.14A Peak) 


- 



Gate Trigger Current (Note 2) 

X GT 



//Adc 

(Anode Voltage = 7. 0 V, R^ = 100 6hms) 

(T c =25°C) 

- 

100 



(T c = -65° C) 


- 

300* 


Gate Trigger Voltage 




Volt 

(Anode Voltage = 7. 0 V, R L = 100 ohms, T Q = 25° C) 




(Anode Voltage = 7. 0 V, R L = 100 ohms, T Q = -65° C) 





(Anode Voltage = Rated V£> R m> = ohms, Tj = 125°C) 





Holding Current (Anode Voltage = 7. 0 V) T^ = 25° C 

X HX 


3.0 

mA 

T C =-65°C 



7.0* 


Turn-On Time 

ht 






Circuit dependent, 
consult manufacturer 

Turn-Off Time 

tq 



* JEDEC Registered Values 

Notes: 1. V RR m andV DRM can be applied for all types on a 

continuous dc basis without incurring damage. 

2. R___ current is not included in measurement. 

GK 


Thyristor devices shall not be tested with a constant current source 
for forward or reverse blocking capability such that the voltage 
applied exceeds the rated blocking voltage. 

Thyristor devices shall not have a positive bias applied to the gate 
concurrently with a negative potential applied to the anode. 



IT(AV), AVERAGE FORWARD CURRENT (AMPS) 
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2n4220 thru 2N4222 (SILICON) 
2N4220A thru 2N4222A 



CASE 20(3) 

(TO-72) 


N-channel junction silicon field-effect transistors 
designed for general purpose amplifier and switching 
applications. "A" types guarantee low noise figure (2. 5 
dB maximum @ 100 kHz). 



Drain and Source 
may be interchanged. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

30 

Vdc 

Drain -Gate Voltage 

V DG 

30 

Vdc 

Gate -Source Voltage 

V GS 

30 

Vdc 

Drain Current 


15 

mAdc 

Total Device Dissipation @T^ = 25° C 

P D 

300 

mW 

Derate Above 25°C 

2.0 

mW/°C 

Operating Junction Temperature 

T J 

175 

°c 

Storage Temperature Range 

T stg 

-65 to +175 

°c 
































2N4220,A thru 2N4222,A (continued) 


ELECTRICAL CHARACTERISTICS ov = 25 °c unless otherwise noted) 


Characteristic 

Symbol 

Min 



Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(I G = -10 MAdc, Vds = 0) 

V (BR)GSS 

-30 

- 

■ 

Vdc 

Gate Reverse Current 

< V GS * - 15 Vdc - V DS ■ °> 


! gss 

■ 

■ 

■ 

nAdc 

(V os - -15 Vdc, Vds = 0, T a = 150"C) 



E9 


-100 


Gate-Source Voltage 
(I D = 50 MAdc, V Dg = 15 Vdc) 

2N4220, 2N4220A 



■ 

1 

Vdc 

(I D = 200 MAdc, V Dg = 15 Vdc) 

2N4221, 2N4221A 



■ 

-5.0 


(I D = 500 MAdc, V Dg = 15 Vdc) 

2N4222, 2N4222A 



H 

-6;0 


Gate-Source Cutoff Voltage 
(Ijj = 0. 1 nAdc, V Dg = 15 Vdc) 

2N4220, 2N4220A 
2N4221, 2N4221A 
2N4222, 2N4222A 

V GS(off) 

8 

■ 

-4.0 

-6.0 

-8.0 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current U) 


j 


■ 


mAdc 

(V DS =15Vdc, V GS = 0) 

2N4220, 2N4220A 

DSS 

0.5 




2N4221, 2N4221A 


2.0 





2N4222, 2N4222A 


5.0 

WBM 




DYNAMIC CHARACTERISTICS 


Forward Transfer Acjmittance * 1 * 

(V DS = 15 Vdc ’ V GS = °> f = L 0 kHz) 

2N4220, 2N4220A 
2N4221, 2N4221A 
2N4222, 2N4222A 

l y *s! 

1000 

2000 

2500 

2500 

3500 

4500 

4000 

5000 

6000 

Mmhos 

Output Admittance * 1 * 


| y osl 


mm 



( V Ds = 15 Vdc, V Gg = 0, f = 1. 0 kHz) 

2N4220, 2N4220A 


|H 




2N4221, 2N4221A 


■ 





2N4222, 2N4222A 


Bl 




Drain-Source Resistance 


r. , 




Ohms 

( V DS = °> V QS = 0) 

2N4220, 2N4220A 


- 

aWiUTiM 




2N4221, 2N4221A 


- 

400 

- 



2N4222, 2N4222A 


- 

■a 

- 


Input Capacitance 


C iss 

■ ■ 

■n 


pF 

(V DS = 15 Vdc, V QS = 0, f = 1. 0 MHz) 




l 



Reverse Transfer Capacitance 


C rss 

■ ■ 



pF 

(V DS = 15 Vdc, V Gg = 0, f = 1. 0 MHz) 







Common-Source Output Capacitance 


C Q sp 

■ ■ 



pF 

(Vds = 15 Vdc ’ V GS = °» f = 30 MHz ) 



1 

1.5 

- 


Noise Figure 


NF 

WM H 




(V DS = 15 Vdc, V Gg = 0, R = 1.0 Megohm, f = 100 Hz) 

2N4220A 


mm 




u o 

2N4221A 



• 

B 



2N4222A 


HBH 


; bbbi 



^ Pulse Test: Pulse Width = 630 ms, Duty Cycle = 10% 


FIGURE 1 - EQUIVALENT LOW FREQUENCY CIRCUIT 



*Cosp is C 0 ss in parallel with Series Combination of Cj$s and C r ss- 


Common Source 
Y Parameters for Frequencies 
Below 30 MHz 

Yis =i“ c iss # 

Yos = ^osp + ^ r oss 
Yfs =lYfsl 
Yrs = -J' wC rss 
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NF, NOISE FIGURE (dB) r oss , OUTPUT RESISTANCE (Megohms) |Y fs |, FORWARD TRANSFER ADMITTANCE (//mhos) 


2N4220,A thru 2N4222,A (continued) 


FIGURE 2 -FORWARD TRANSFER ADMITTANCE 
versus DRAIN CURRENT 


■iiiiiimniiHiis 

mmixmwm'ssin 

mm tmmumm 

WB3EM 


FIGURE 3 - TEMPERATURE COEFFICIENT OF y fs 
versus DRAIN CURRENT 
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I D , DRAIN CURRENT {mA) l D , DRAIN CURRENT (mA) 


2N4220,A thru 2N4222,A (continued) 


FIGURE 8 -DRAIN CURRENT 



0 0.5 1.0 1.5 2.0 


FIGURE 9 -DRAIN CURRENT 



0 1.0 2.0 3.0 4.0 5.0 


V GS ,GATE SOURCE VOLTAGE (Volts) 


V GS ,GATE SOURCE VOLTAGE (Volts) 


FIGURE 10 - DRAIN CURRENT 



0 1.0 2.0 3.0 4.0 5.0 


FIGURE 11 -TEMPERATURE COEFFICIENT OF 
DRAIN CURRENT versus DRAIN CURRENT 



V GS , GATE SOURCE VOLTAGE (Volts) 


l D , DRAIN CURRENT (mA) 


NOTES: 

1. Graphical data is presented for dc conditions. Tabular data is 
given for pulsed conditions (Pulse Width = 630 ms. Duty Cycle = 
10%). Under dc conditions, self heating in higher IqsS units re- 
duces Iqss (See figure 10). 

2. Figures 8, 9, 10: Data taken in a standard printed circuit with a 
TO-18 type socket mounting and 1/4" lead length. 
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2n4223 (SILICON) 
2n4224 


Silicon N-channel junction field-effect transistors, 
designed for VHF amplifier and mixer applications. 
Drain and Source interchangeable. 

CASE 20(3) 

(TO-72) 


MAXIMUM RATINGS <T A = 25 t >c unless otherwise noted) 


Rating 

Symbol 

Value 


Drain-Source Voltage 

V DS 

30 

Vdc 

Drain-Gate Voltage 

V DG 

30 

Vdc 

Gate -Source Voltage 

V GS 

30 

Vdc 

Drain Current 

l D 

20 

mAdc 


P D 



Operating Junction Temperature 

T J 


°C 

Storage Temperature Range 

T stg 


°C 



FIGURE 1 - NOISE FIGURE AND POWER GAIN TEST CIRCUIT 
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2N4223, 2N4224 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate -Source Breakdown Voltage 
(I G = 10 MAdc,V DS = 0) 

V (BR)GSS 

30 

- 

Vdc 

Gate Reverse Current 


! GSS 



nAdc 

(V GS = 20 Vdc, V D g = 0) 

2N4223 

2N4224 

- 

0.25 

0. 50 


(V GS = 20 Vdc. V DS = 0, T a = 100°C) 

2N4223 


- 

250 


2N4224 


- 

500 


Gate-Source Cutoff Voltage 


V GS(off) 



Vdc 

(I D = 0. 25 nAdc, V Dg = 15 Vdc) 

2N4223 

- 

8.0 


(I D = 0. 50 nAdc, V Dg = 15 Vdc) 

2N4224 


- 

8.0 


Gate -Source Voltage 


V GS 



Vdc 

(I D = 0. 3 mAdc, V Dg = 15 Vdc) 

2N4223 

1.0 

7.0 


(I D = 0. 2 mAdc, V Dg = 15 Vdc) 

2N4224 


1. 0 

7.5 



ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current ^ 


! dss 



mAdc 

< V DS = 15Vdc ' V GS=°> 

2N4223 

3.0 

18 


2N4224 


2.0 

20 



DYNAMIC CHARACTERISTICS 


Forward Transfer Admittance 

(V™, = 15 Vdc, V„ e = 0, f = 1 kHz) 1 2N4223 

1)8 GS 2N4224 

(V™ = 15 Vdc, V„ c = 0, f = 200 MHz) 2N4223 

Db GS 2N4224 

l y .s| 

3000 

2000 

2700 

1700 

7000 

7500 

/imhos 

Input Conductance 

(V DS = 15 Vdc, V QS = 0, f = 200 MHz) 

R e(y ls ) 

- 

800 

/! mhos 

Output Conductance 

< V Ds = 15 Vdc, V QS = 0, f = 200 MHz) 


- 

200 

/xmhos 

Input Capacitance 

( V Dg = 15 Vdc, V Gg = 0, f = 1 MHz) 

G iss 

- 

6.0 

pF 

Reverse Transfer Capacitance 

(V Dg = 15 Vdc, V Gg = 0, f = 1 MHz) 

G rss 

- 

2.0 

pF 

Noise Figure 

( V Ds = 15 Vdc, V QS = 0, R g = 1 k ohm, f = 200 MHz) 2N4223 

NF 

- 

5.0 

dB 

Small-Signal Power Gain 

( V DS = 15 Vdc » V GS = °> f = 200 MHz ) 2N4223 

G P s 

10 

- 

dB 


lh ‘Pulse Test: Pulse Width = 630 ms, Duty Cycle £ 10% 
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|Y fs |, FORWARD TRANSFER ADMITTANCE (jumhos) 


2N4223, 2N4224 (continued) 


FIGURE 2- 


DRAIN CURRENT versus GATE-SOURCE VOLTAGE 



0 1.0 2.0 3.0 4.0 5.0 


V GS , GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 3- 

TEMPERATURE COEFFICIENT FOR DRAIN CURRENT 



0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 

ID, DRAIN CURRENT (mA) 


FIGURE 4 -FORWARD TRANSFER ADMITTANCE 
versus GATE-SOURCE VOLTAGE 



FIGURE 5 - TEMPERATURE COEFFICIENT FOR Y fs 
versus DRAIN CURRENT 



0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 

l D , DRAIN CURRENT (mA) 


FIGURE 6 - CAPACITANCES 



2.0 4.0 6.0 8.0 10 12 14 16 18 20 

V DS , DRAIN-SOURCE VOLTAGE (VOLTS) 


FIGURE 7 - COMMON SOURCE 
NOISE FIGURE versus SOURCE RESISTANCE 



0.1 0.2 0,3 0.5 1.0 2.0 3.0 5.0 10 

Rg, SOURCE RESISTANCE (k ohms) 
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2N 4231 thru 2 n4233 (SILICON) 



CASE 80 

(TO -66) 

Collector 
connected to case 


Medium-power NPN silicon transistors designed 
for driver circuits, switching, and amplifier applica- 
tions. 


MAXIMUM RATINGS 


Rating 

Symbol 

CO 

CM 

CM 

2N4232 

2N4233 

Unit 

Collector-Emitter Voltage 

v 

V CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

50 

70 

90 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current - Continuous* 

V 

3.0 

5.0 

Adc 

Base Current 

! b 

1.0 

Adc 

Total Device Dissipation T c = 25° C 

Derate above 25° C 

P D 

35 

0. 2 

Watts 

W/°C 

Operating & Storage Junction Temperature Range 

T _J ,T stg 

-55 to +200 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

^JC 

5.0 

°c/w 


* The 3. 0 Amp maximum 1^ value is based upon JEDEC current, gain requirements. 

The 5. 0 Amp maximum value is based upon actual current -handling capability of the device. 


ELECTRICAL CHARACTERISTICS (T c = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 


BV 

CEO(sus) 



Vdc 

(I c = 100 mAdc, Ig = 0) 

2N4231 

40 

- 


2N4232 


60 

- 



2N4233 


80 

- 


Collector Cutoff Current 


J CEO 



mA 

(V CE = 30 Vdc, Ig = 0) 

2N4231 

■ 1 

1.0 


(V CE = 50 Vdc, I B = 0) 

2N4232 


8 ■ 

1.0 


(V CE = 70 Vdc, Ig = 0) 

2N4233 


m 

1.0 


Collector Cutoff Current 


! cex 



mA 

(V CE @ rated V CEO , V EB(of{) = 1. 5 Vdc) 



0. 1 


( V CE@ ratedV CEO’ V EB(off) = 1 - 5Vdc ’ T C 

= 150° C) 


i 

1.0 


Collector Cutoff Current 


^BO 

■ ■ 


mA 

(V CB @ rated V CB , ^=0) 


JBm 

0.05 


Emitter Cutoff Current 


^EBO 

■ ■ 


uA 

(V BE = 5.0 Vdc, I c =0) 


■ 

500 



ON CHARACTERISTICS 


DC Current Gain 1 11 
(I c =0.5 Adc, V CE =2.0 Vdc) 

h FE 

40 

_ 

- 

(I c = 1. 5 Adc, V CE = 2. 0 Vdc) 


25 

100 


(I c = 3. 0 Adc, V CE = 2. 0 Vdc) 


10 

- 


Collector-Emitter Saturation Voltage 111 
(I„ = 1. 5 Adc, I„ = 0. 15 Adc) 

L D 

V CE(sat) 

_ 

0.7 

Vdc 

(I„ =3.0 Adc, I = 0. 3 Adc) 

C ri 


- 

2.0 


Base-Emitter Voltage 111 
(I c = 1. 5 Adc, V CE = 2. 0 Vdc) 

V BE(on) 

- 

1.4 

Vdc 


Pulse Test, PW » 300 ms, Duty Cycle « 2. 0% 
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2N4231 thru 2N4233 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 


SMALL-SIGNAL CHARACTERISTICS 




Symbol Min Max Unit 


































2n4234 (SILICON) 

2n4235 _ 

PNP silicon power transistors ideal for use as driv- 
ers, switches, and direct replacement of germanium 
medium-power devices. Complement to NPN 2N4237 
thru 2N4239. 


Collector connected to case 

MAXIMUM RATINGS 



THERMAL CHARACTERISTICS 



Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

29 

°c/w 



TEMPERATURE (°C) 

Safe Area Curves are indicated by Figure 2. 

All limits are applicable and must be observed. 
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Ic, COLLECTOR CURRENT (AMP) 


2N4234, 2N4235, 2N4236 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25 # C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector- Emitter Sustaining Voltage It) 

2N4234 

BV CEO(sus) 

40 



Vdc 

(I c = 100 mAdc, I B = 0) 

2N4235 

60 

— 


2N4236 


80 

— 


Collector Cutoff Current 


X CEO 



mAdc 

(V CE = 3° Vdc, 13 = 0) 

2N4234 

— 

1.0 


(V CE = 40 Vdc, Ig-0) 

2N4235 


— 

1.0 


< V CE * 60 VdC - 'B' 0 * 

2N4236 


— 

1.0 


Collector Cutoff Current 


*CEX 



mAdc 

< V CE = 40 VdC - V BE(off)' 1 - 5VdC) 

2N4234 


0.1 


(V CE = 60 Vdc, V BE(ofJ) = l .5 Vdc) 

2N4235 


— 

0.1 


(V CE = 80Vdc. V BE(0[f) = 1.5 Vdc) 

2N4236 


— 

0.1 


(V CE = 30 Vdc, V BE(o[£) = 1. 5 Vdc. T c = 150*C) 

2N4234 


— 

1.0 


(V CE = 40 Vdc. V BE(of£) - 1. 5 Vdc. T c = 150*C) 

2N4235 


— 

1.0 


(V CE = 60 Vdc, V BE(o££) = 1.5 Vdc. T c = 150*0 

2N4236 


— 

1.0 


Collector Cutoff Current 


X CBO 



mAdc 

(V C0 = 40 Vdc, I E = 0) 

2N4234 

— 

0.1 


(V CB = 60 Vdc, I E = 0) 

2N4235 


— 

0.1 


(V CB = 80 Vdc, I E = 0) 

2N4236 


— 

0.1 


Emitter Cutoff Current 


I 



mAdc 

<V BE = 7 Vdc, I c = 0) 


EBO 

— 

0.5 



ON CHARACTERISTICS 


DC Current Gain (1) 1 

(I c = 100 mAdc, V CE = 1 Vdc) 

(I c = 250 mAdc, V CE = 1 Vdc) 

(I c = 500 mAdc, V CE = 1 Vdc) 

(I c = 1.0 Adc, V CE = 1 Vdc) 

h FE 

40 

30 

20 

10 

150 


Collector- Emitter Saturation Voltage (1) 

(I c = 1.0 Adc, I B = 125 mAdc) 

V CE(sat) 

— 

0.6 

Vdc 

Base- Emitter Saturation Voltage (1) 

(I c = 1.0 Adc, I B = 100 mAdc) 

V BE(sat) 

— 

1.5 

Vdc 

Base- Emitter On Voltage 
(I c = 250 mAdc, V C£ = 1.0 Vdc) 

V BE(on) 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current- Gain — Bandwidth Product 

(I c = 100 mAdc, V CE = 10 Vdc, f = 1.0 MHz) 

f T 

3.0 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, I £ = 0, f = 100 kHz) 

C ob 

— 

100 

pF 

Small- Signal Current Gain 
(I c = 50 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

h fe 

25 

— 

— 


I^Pulse Test: PW < 300 M s, Duty Cycle < 2% 


FIGURE 2 -ACTIVE-REGION SAFE OPERATING AREAS 



The Safe Operating Area Curves indi- 
cate Ic— Vce limits below which the device 
will not enter secondary breakdown. Col- 
lector load lines for specific circuits must 
fall within the applicable Safe Area to 
avoid causing a catastrophic failure. To 
insure operation below the maximum Tj, 
power-temperature derating must be 
observed for both steady state and pulse 
power conditions. 
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is. BASE CURRENT (mA) l c , COLLECTOR CURRENT (mA) 


2N4234, 2N4235, 2N4236 (continued) 


LARGE SIGNAL CHARACTERISTICS 



0 0.2 0.4 0.6 0.8 1.0 1.2 


V BE . BASE-EMITTER VOLTAGE (VOLTS) 


“OFF" REGION CHARACTERISTICS 



0.2 0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 


V BE , BASE EMITTER VOLTAGE (VOLTS) 


FIGURE 4 -INPUT ADMITTANCE 




1.0 1 -J__J — L 1 1 3 

25 50 75 100 125 150 175 

T J( JUNCTION TEMPERATURE (°C) 
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VOLTAGE (VOLTS) V CEl COLLECTOR-EMITTER VOLTAGE (VOLTS) h FE , DC CURRENT GAIN 


2N4234, 2N4235, 2N4236 (continued) 



10 20 30 50 100 200 300 500 1000 

l C( COLLECTOR CURRENT (mA) 


SATURATION REGION CHARACTERISTICS 


FIGURE 8 - COLLECTOR SATURATION REGION 



FIGURE 9 -“ON" VOLTAGES 



FIGURE 10 -TEMPERATURE COEFFICIENTS 



l c , COLLECTOR CURRENT (mA) 
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t., STORAGE TIME (/xsec) t, TIME (/xsec) 


2N4234, 2N4235, 2N4236 (continued) 


DYNAMIC CHARACTERISTICS 


FIGURE 11 — TURN-ON TIME 
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l c , COLLECTOR CURRENT (mA) 


FIGURE 13 -CAPACITANCE 


V R , REVERSE VOLTAGE (VOLTS) 


FIGURE 12 -STORAGE TIME 
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lc, COLLECTOR CURRENT (mA) 


FIGURE 14 -FALL TIME 
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2n4237 (SILICON) 

thru 



Medium-power NPN silicon transistors designed for 
driver circuits, switching, and amplifier applications. 


MAXIMUM RATINGS 


Rating 


Symbol 


2N4237 


2N4238 


2N4239 


Unit 


Collector-Emitter Voltage 


CEO 


40 


60 


80 


Vdc 


Collector- Base Voltage 


CB 


50 


80 


100 


Vdc 


Emitter -Base Voltage 


EB 


6 . 0 - 


Vdc 


Collector Current — Continuous* 


■ 1 . 0 - 
-3.0- 


Adc 


Base Current — Continuous 


500- 


mAdc 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


6 . 0 - 
- 34- 


Watts 

mW/°C 


Operating and Storage Junction 
Temperature Range 


T t , t * 
J’ stg 


--65 to +200- 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

9 JC 

29 

°c/w 


*The 1.0 Amp maximum l c value is based upon JEDEC current gain requirements. The 3.0 Amp 
maximum value is based upon actual current-handling capability of the device (see Figure 5). 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 



Safe Area Curves are indicated by Figure 5. All limits are applicable 
and must be observed. 
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2N4237 thru 2N4239 (continued) 


ELECTRICAL CHARACTERISTICS (To = 25°C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 0) 

- 




Vdc 

(I = 100 mAdc, I = 0) 2N4237 



40 

- 


L U 2N4238 



60 

- 


2N4239 



80 

- 


Collector Cutoff Current 

_ 

i 



mAdc 

<V CE - Rated V CE0 , I B = 0) 



- 

0.7 


Collector Cutoff Current 

12 

, ■ 



mAdc 

(V CE =45Vdc, V EB(oH) .1.5Vdc) 


CEX 

- 

0. 1 


(V C E=75Vdc, V EB(off) = l.SVdc) 



- 

0. 1 


(V CE =90Vdc, V EB(0(f) -1.5Vdc) 



- 

0. 1 


(V CE - 30 Vdc, V EB(of£) - 1. 5 Vdc, T c - 150°C) 



- 

1.0 


(V CE = 50 Vdc, V EB(o££) = 1. 5 Vdc, T c = 150°C) 



- 

1. 0 


(V CE = 70 Vdc, V EB(o££) =1.5 Vdc, T c = 150°C) 



- 

1.0 


Collector Cutoff Current 

- 

^ -r> n 



mAdc 

(V CB . Rated V CB0 , I E = 0) 


C dU 

- 

0.1 


Emitter Cutoff Current 

_ 

I 



mAdc 

(Vg B = 6. 0 Vdc, I c = 0) 


EBO 

- 

0.5 



ON CHARACTERISTICS 


DC Current Gain (1) 

(1^ - 50 mAdc, V CE = 1.0 Vdc) 

8 

h FE 

30 

_ 

- 

(I c = 250 mAdc, V CE = 1.0 Vdc) 



30 

150 


(1^ = 500 mAdc, V^ E =1.0 Vdc) 



30 

- 


(I c = 1.0 Adc, V CE = 1.0 Vdc) 



15 

- 


Collector-Emitter Saturation Voltage'll) 

(1^, = 500 mAdc, I = 50 mAdc) 

9, 11, 13 

V CE(sat) 

_ 

0.3 

Vdc 

(I„ = 1.0 Adc, = 0. 1 Adc) 



- 

0. 6 


Base -Emitter Saturation Voltage ID 
(I c = 1.0 Adc, I B = 0. 1 Adc) 


V BE(sat) 

- 

1. 5 

Vdc 

Base -Emitter On Voltage ID 
(1^ = 250 mAdc, V^ E = 1.0 Vdc) 

11, 13 

V BE(on) 

- 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain- Bandwidth Product 
(I c = 100 mAdc, V CE = 10 Vdc, f = 1. 0 MHz) 

- 

f T 

2.0 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I £ = 0, f = 0. 1 MHz) 

- 

C ob 

- 

100 

pF 

Small-Signal Current Gain 
(I c = 100 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

- 

h fe 

30 

- 

- 


Pulse Test: Pulse Width 2 300 /is, Duty Cycle - 2 . 0 %, 


SWITCHING CHARACTERISTICS 
FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 


FIGURE 3 — TURN-ON TIME 
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/, STORAGE TIMERS) l c , COLLECTOR CURRENT (AMPS) r(t), TRANSIENT THERMAL RESISTANCE; NORMALIZED 


2N4237 thru 2N4239 (continued) 


FIGURE 4 -THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 -ACTIVE-REGION SAFE OPERATING AREAS 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


There are two limitations on the power han- 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate lc— V C e limits of the transistor that 
must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissi- 
pation than the curves indicate. 

For this particular transistor family, the ther- 
mal curves are the limiting design values, except 
for a small portion of the dc curve. The pulse 
secondary breakdown curves are shown for 
information only. 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 -STORAGE TIME 


FIGURE 7 -FALL TIME 



10 20 30 50 70 100 200 300 500 700 1000 


l c , COLLECTOR CURRENT (mA) 



10 20 30 50 70 100 200 300 500 700 1000 


l c , COLLECTOR CURRENT (mA) 
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2N4237 thru 2N4239 (continued) 


TYPICAL DC CHARACTERISTICS 


FIGURE 8 — CURRENT GAIN 


FIGURE 9 - COLLECTOR SATURATION REGION 



2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 2000 

l c , COLLECTOR CURRENT (mA) 



0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 

l Bl BASE CURRENT (mA) 


FIGURE 10 -EFFECTS OF BASE-EMITTER RESISTANCE 


FIGURE 11 -“ON” VOLTAGE 



VBE (sat) @ lc/ [ l 
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Tj, JUNCTION TEMPERATURE (°C) 


2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 2000 

l Cl COLLECTOR CURRENT (mA) 


FIGURE 12 -COLLECTOR CUTOFF REGION 


FIGURE 13 -TEMPERATURE COEFFICIENTS 



* APPLIES FOR l c /l B < h FE /2 


Tj = 100°C TO 200°C y 


FOR Vrs 



0 0.1 0.2 0.3 

V BE , BASE-EMITTER VOLTAGE (VOLTS) 


2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 2000 

l c , COLLECTOR CURRENT (mA) 






2N4260 (SILICON) 
2n4261 



CASE 20 

(TO-72) 


PNP silicon annular transistors, designed for high- 
speed current-mode logic switching applications and for 
complementary circuitry with NPN types 2N3959 and 
2N3960. 


MAXIMUM RATINGS (Ta = 25°c unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEO 

15 

Vdc 

Collector- Base Voltage 

V CB 

15 

Vdc 

Emitter-Base Voltage 

V EB 

4. 5 

Vdc 

Collector Current - Continuous 

J C 

30 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

200 

mW 

Derate above 25°C 


1.14 

mW/°C 

Operating and Storage Junction Temperature Range 

T J’ T stg 

-65 to +200 

°c 
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2N4260, 2N4261 (continued) 


ELECTRICAL CHARACTERISTICS (T A - 25°C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I c = 10 mAdc, I E = 0) 


bv ceo 

15 

- 

Vdc 

Collector- Base Breakdown Voltage 
(I c = 10 MAdc, I E = 0) 


bv cbo 

15 

- 

Vdc 

Emitter -Base Breakdown Voltage 
(I E = 10 MAdc, I c = 0) 


bv ebo 

4.5 

- 

Vdc 

Collector Cutoff Current 

(V CE = 10Vdc. V BE(otf) = 2Vdc) 


! cex 

- 

0. 005 

MAdc 

(V CE = 10 Vdc, V BE(off) = 2 Vdc, T A - 150“C) 



- 

5.0 


(V CE -10Vdc. V EB(on) = 0.4 Vdc) 



- 

0. 05 


Base Cutoff Current 

(V CE = I0Vdc, V BE(o[f) = 2 Vdc) 


*BL 

- 

0.005 

MAdc 


ON CHARACTERISTICS 


DC Current Gain 

(I c = 1 mAdc, V CE = 1 Vdc) 

1 

h FE 

25 

- 

- 

(I c = 10 mAdc, V CE = 1 Vdc) 



30 

150 


(I c = 30 mAdc, V CE = 2 Vdc) 



20 

- 


Collector-Emitter Saturation Voltage 
(I c = 1 mAdc, I B = 0. 1 Adc) 

2, 3, 4 

V CE(sat) 

- 

0.15 

Vdc 

(I c = 10 mAdc, Ig = 1 mAdc) 



- 

0.35 


Base -Emitter On Voltage 
(I c = 1 mAdc, V CE = 1 Vdc) 

3, 4 

V BE(on) 

- 

0.8 

Vdc 

(I c = 10 mAdc, V CE = 1 Vdc) 



- 

1.0 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 


5 

f T 


- 

MHz 

(I c = 5 mAdc, V C£ = 4 Vdc, f = 100 MHz) 

2N4260 



1200 



2N4261 



1500 

- 


(I c = 10 mAdc. V CE = 10 Vdc, f = 100 MHz) 

2N4260 



1600 

- 


2N4261 



2000 

- 


High-Frequency Current Gain 



M 



- 

(I c = 10 mAdc, V CE = 10 Vdc, f = 100 MHz) 

2N4260 


16 

- 


2N4261 



20 

- 


Output Capacitance 


8 

C ob 



pF 

fV CB = 4 Vdc, I £ = 0, f = 100 kHz) 



* 

2.5 


Input Capacitance 


8 

c ib 



pF 

(V BE = 0. 5 Vdc, I c = 0, f = 100 kHz) 



" 

2.5 


Collector-Base Time Constant 


6 

r b C c 



ps 

(I c = 5 mAdc, V CE = 4 Vdc, f - 31. 8 MHz) 

2N4260 




35 


2N4261 



- 

60 


(I c = 10 mAdc, V CE = 10 Vdc, f = 31. 8 MHz) 

2N4260 



_ 

30 


2N4261 



: i 

50 






Typical Performance 






<v out 

= 1 V) 


TYPICAL SWITCHING TIMES 




@ 10 mA 

@ 30 mA 


Turn-On Delay Time 

; 

Test 

Circuit 

l on(delay) 

1.0 

1.2 

ns 

Rise Time 


Figure 7 

*r 

0.5 

0.9 

ns 

Turn-Off Delay Time 


Test 

Circuit 

t off(delay) 

1.0 

1.2 

ns 

Fall-Time 


Figure 7 

*f 

1.0 

1.2 

ns 
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f T , CURRENT-GAIN - BANDWIDTH PRODUCT (MHz) VOLTAGE (VOLTS) h FE( NORMALIZED CURRENT GAIN 


2N4260, 2N4261 (continued) 


FIGURE 1 — DC CURRENT GAIN 


FIGURE 2 — COLLECTOR SATURATION REGION 




FIGURE 3 — “ON” VOLTAGES FIGURE 4 — TEMPERATURE COEFFICIENTS 




FIGURES — 

CURRENT-GAIN — BANDWIDTH PRODUCT 



FIGURE 6 — 

COLLECTOR-BASE TIME CONSTANT 
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2N4260, 2N4261 (continued) 







2N4264 (SILICON) 

2n4265 


NPN silicon annular transistors, designed for low- 
level, saturated logic applications featuring one-piece, 
injection-molded plastic package for high reliability. 


CASE 29(1) 

(TO-92) 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Rating 

Symbol 

2N4264 

2N4265 

Unit 

Collector- Emitter Voltage 


15 

12 

Vdc 

Collector-Base Voltage 

v 

V CB 

30 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current 

r c 

200 

mAdc 

Total Device Dissipation @ T A = 25° C 

P D 

350 

mW 

Derate above 25° C 


2. 

73 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-55 to +150 

o 

o 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

0 JA 

0.357 

°C/mW 


FIGURE 1 — SWITCHING TIME EQUIVALENT TEST CIRCUIT 


Test 

CONDITION 

•c 

Vcc 

Rb 

Rc 


VeB(o«) 

V, 

h 



mA 

V 

a 


PF 

V 

V 

V 

V 

A 

10 

3 

3300 

270 

4 

-1.5 

10.55 

-4.15 

10.70 

B 

10 

10 

560 

960 

4 

- 

- 

-4.65 

6.55 

C 

100 

10 

560 

96 

12 

-2.0 

6.35 

-4.65 

6.55 



2-759 















2N4264, 2N4265 (continued) 


ELECTRICAL CHARACTERISTICS 


(Ta = 25°C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector -Emitter Breakdown Voltage 

(I r = 1 mAdc, I„ = 0) 2N4264 

^ 2N4265 


bv ceo 

15 

12 



Vdc 

Collector-Base Breakdown Voltage 
(I c = 10 /iAdc, I E = 0) 


bv cbo 

30 

— 

Vdc 

Emitter -Base Breakdown Voltage 
(I E = 10 MAdc, I c = 0) 


bv ebo 

6.0 

— 

Vdc 

Collector Cutoff Current 
(V CE = 12Vdc , V EB(off) =0.25Vdc) 


*CEX 

— 

100 

nAdc 

Base Cutoff Current 

< V CE = 12 VdC ' V EB(ot() = °' 25 Vdc) 

<V CE - 12 Vdc. V EB(0[[) -0.25 Vdc. T a = 100”C) 


*BL 



0.1 

10 

MAdc 


ON CHARACTERISTICS 


DC Current Gain 


2 

h FE 



. 

(I c = 1 mAdc, V CE = 1 Vdc) 

2N4264 


25 

— 


2N4265 



50 

• 


d c = 10 mAdc, V CE = 1 Vdc) 

2N4264 



40 

160 


2N4265 



100 

400 


(I c = 10 mAdc, V CE = 1 Vdc, T A = -55° C) 

2N4264 

2N4265 



20 

45 




(I c = 30 mAdc, V CE = 1 Vdc) 

2N4264 



40 

— 


2N4265 



90 

— 


(I c = 100 mAdc, V CE = 1 Vdc) 

2N4264 



30 

— 


2N4265 



55 

— 


(I c = 200 mAdc, V CE = 1 Vdc) 

2N4264 



20 

— 


2N4265 



35 

— 


Collector -Emitter Saturation Voltage 


5, 6, 7 

V CE(sat) 



Vdc 

(I c = 10 mAdc, Ig = 1 mAdc) 



— 

0.22 


(I c = 100 mAdc, Ig = 10 mAdc) 




— 

0.35 


Base -Emitter Saturation Voltage 


6, 7 

V BE(sat) 



Vdc 

d c = 10 mAdc, Ig = 1 mAdc) 



0. 65 

0.80 


<I C = 100 mAdc, Ig = 10 mAdc) 




0.75 

0.95 



SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

d c = 10 mAdc, V CE = 10 Vdc, f = 100 MHz) 


f T 

300 

— 

MHz 

Output Capacitance 
( V CB ■ 5 Vdc, I E = 0, f = 100 kHz) 

12 

C ob 

— 

4.0 

pF 

Input Capacitance 

(V BE = 0> 5 Vdc ’ *C = °* f " 100 kHz ) 

12 

c ib 

— 

8.0 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

Figure 1, Test Condition A 

V CC = 3Vdc > V EB(off) = 1 - 5Vdc > 

1^, = 10 mAdc, I 01 = 3 mAdc 

1 

‘on 


25 

ns 

Turn-Off Time 

Figure 1, Test Condition A 

V cc ■ 3 Vdc, I c = 10 mAdc, 

I 01 = 3 mAdc, Ig 2 = 1.5 mAdc 

1 

‘off 


35 

ns 

Storage Time 

Figure 1, Test Condition B 

V cc = 10 Vdc, I c = 10 mAdc, 

l Bl = X B2 = 10 mAdc 

1 

‘s 


20 

ns 

Delay Time 

Figure 1, Test Condition C 

V CC = 10Vdc ’ V EB(off) = 2Vdc ’ 

1^, = 100 mAdc, I B1 = 10 mAdc 

1, 8 

‘d 

— 

8.0 

ns 

Rise Time 

1, 9 

‘r 

— 

15 

ns 

Storage Time 

Figure 1, Test Condition C 

V cc = 10 Vdc, I c = 100 mAdc, 

*BX = [ B2 = 10 mAdc 

1, 10 

‘s 

— 

20 

ns 

Fall Time 

1, 11 

‘f 

— 

15 

ns 

Total Control Charge 

V cc = 3 Vdc, I c = 10 mAdc, Ig = mAdc 

3, 13 

q t 

— 

80 

pC 
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2N4264, 2N4265 (continued) 


CURRENT GAIN CHARACTERISTICS 


FIGURE 2 — MINIMUM CURRENT GAIN 



FIGURE 3 — ttr TEST CIRCUIT 


FIGURE 4 — TURN-OFF WAVEFORM 


270 « 



When a transistor is held in a conductive state by a base current, 
l a , a charge, Q$, is developed or "stored" in the transistor. Q s may be 
written: Q, = Q, + Q v + Qx- 

Qi is the charge required to develop the required collector current. 
This charge is primarily a function of alpha cutoff frequency. Q v is 
the charge required to charge the collector-base feedback capacity. 
Qx is excess charge resuiting from overdrive, i.e., operation in 
saturation. 

The charge required to turn a transistor "on" to the edge of sat- 
uration is the sum of Q ( and Q v which is defined as the active region 
charge, Q A . Q A = l B ,t r when the transistor is driven by a constant cur- 
rent step <l„) and l„ < < j~. 


If l ( were suddenly removed, the transistor would continue to con- 
duct until Q s is removed from the active regions through an external 
path or through internal recombination. Since the internal recombina- 
tion time is long compared to the ultimate capability of a transistor, a 
charge, Q T , of opposite polarity, equal in magnitude, can be stored on 
an external capacitor, C, to neutralize the internal charge and con- 
siderably reduce the turn-off time of the transistor. Figure 3 shows 
the test circuit and Figure 4 the turn-off waveform. Given Q T from 
Figure 13, the external C for worst-case turn-off in any circuit is: 
C = Qr/AV. where A v is defined in Figure 3. 
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It , SATURATION VOLTAGE (VOLTS) V CE , MAXIMUM COLLECTOR-EMITTER VOLTAGE (VOLTS) V CE , MAXIMUM COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N4264, 2N4265 (continued) 


‘ON” CONDITION CHARACTERISTICS 

FIGURE 5 — COLLECTOR SATURATION REGION 




FIGURE 6 — SATURATION VOLTAGE LIMITS 



FIGURE 7 — TEMPERATURE COEFFICIENTS 
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2n4276 (GERMANIUM) 


thru 

2n4283 


PNP germanium power transistors designed for high 
current applications requiring high-gain and low satu- 
ration voltages. 



MP4276 etc. (TO-41 package) 


MAXIMUM RATINGS 


Rating 

Symbol 

2N4276 

2N4277 

2N4278 

2N4279 

2N4280 

2N4281 

m 

Unit 

Collector-Emitter Voltage 

v 

CEO 

Hi 

30 

45 

60 

Vdc 

Collector-Emitter Voltage 

v 

CES 

30 

45 

60 

75 

Vdc 

Collector-Base Voltage 

V CB 

30 

45 

60 

75 

Vdc 

Emitter -Base Voltage 

V EB 

20 

25 


40 

Vdc 

Collector Current — Continuous * 

'c* 


Adc 


Total Device Dissipation @ = 25° C 

Derate above 25° C 

P D 

* 170 r 

Watts 

W/°C 



Operating and Storage Junction 
Temperature Range 

T J’ T stg 


°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

e jc 

0.5 

°c/w 



20 40 60 80 100 120 

T c , CASE TEMPERATURE (°C) 

*JEDEC Registered Values, For True Capability See Figure 3. 
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2N4276 thru 2N4283 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltaget 


B W 



Vdc 

(I c = 1.0 Adc, I B =0) 

2N4276, 2N4277 

20 

- 


2N4278, 2N4279 


30 

- 



2N4280, 2N4281 


45 

- 



2N4282, 2N4283 


60 

- 


Collector-Emitter Breakdown Voltage 


bv ces 



Vdc 

(I c = 300 mAdc, V BE = 0) 

2N4276, 2N4277 

30 

- 


2N4278, 2N4279 


45 

- 



2N4280, 2N4281 


60 

■ 



2N4282, 2N4283 


75 



Floating Potential 


V EBF 



Vdc 

(V CB = 30 Vdc, I E = 0) 

2N4276, 2N4277 

- 

0.5 


(V CB = 45 Vdc, I E = 0) 

2N4278, 2N4279 


- 

0.5 


(V CB - 60 Vdc, I E = 0) 

2N4280, 2N4281 


- 

0.5 


(VcB-’SVdc, I E =0) 

2N4282, 2N4283 


- 

0.5 


Collector Cutoff Current 


! cex 



mAdc 

(V CE = 20 Vdc, V BE(off) =2.0Vdc, T c = 

+71° C) 2N4276, 2N4277 

- 

15 


(V C E= 3 °Vdc, V BE (o ff )=2.° v dc, T c = 

+71° C) 2N4278, 2N4279 


- 

15 


< V CE= 45Vdc - V BE(off) =2 0VdC ’ T C = 

+71° C) 2N4280, 2N4281 


- 

15 


(V CE= 60Vd c. V BE(o«)= 2 0Vdc - T C = 

+71° C) 2N4282, 2N4283 


- 

15 


Collector Cutoff Current 


! cbo 



mAdc 

(V CB = 2. 0 Vdc, I £ = 0) 


- 

0.2 


( V CB = 30Vdc ' I E =0) 

2N4276, 2N4277 


- 

4.0 


(V CB = 45 Vdc, I E = 0) 

2N4278, 2N4279 


- 

4.0 


(V CB = 60 Vdc, I £ = 0) 

2N4280, 2N4281 


- 

4.0 


( V CB aWVde ' I E a, « 

2N4282, 2N4283 


- 

4.0 


Emitter Cutoff Current 


! ebo 



mAdc 

(V BE = 20 Vdc, I c = 0) 

2N4276, 2N4277 

- 

4.0 


(v BE = 20 vdc, i c = o, t c = +7rc) 



- 

15 


(V BE = 25 Vdc, I c = 0) 

2N4278, 2N4279 


- 

4.0 


(V BE = 25 Vdc, I c = 0, T c = +71 ° C) 



- 

15 


(V BE = 30 Vdc, I c = 0) 

2N4280, 2N4281 


- 

4.0 


(Vg E = 30 Vdc, I c =0, T c = +71“ C) 



- 

15 


(V BE = 40 Vdc, I c = 0) 

2N4282, 2N4283 


- 

4.0 


(V BE = 40 Vdc, I c = 0, T c = +71“ C) 



- 

15 



ON CHARACTERISTICS 


DC Current Gaint 

(I = 15 Adc, V = 2.0 Vdc) 2N4276, 2N4278, 2N4280, 

C 2N4277, 2N4279, 2N4281, 

2N4282 

2N4283 

h FE t 

60 

120 

180 

240 

- 

(I c = 60 Adc, V CE = 2.0 Vdc) 



15 

- 


Collector-Emitter Saturation Voltaget 
(I c = 15 Adc, I = 1.0 Adc) 


V t 

CE(sat) 

_ 

0.15 

Vdc 

(I_ = 60 Adc, I D = 6. 0 Adc) 

t D 



- 

0.3 


Base-Emitter Saturation Voltaget 
(I c = 15 Adc, I B = 1.0 Adc) 


V t 

BE(sat)' 

_ 

0.6 

Vdc 

(I c = 60 Adc, I B = 6. 0 Adc) 



- 

1.0 



SMALL SIGNAL CHARACTERISTICS 


Common-Emitter Cutoff Frequency 

f 



kHz 

(I c = 15 Adc, V CE - 2. 0 Vdc) 

Qf6 

2.0 

- 



t To avoid excessive heating of the collector junction, perform test with pulse method. 
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2N4276 thru 2N4283 (continued) 


FIGURE 2 - TRANSIENT THERMAL RESISTANCE 



FIGURE 3 - ACTIVE REGION SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability 
of a transistor: junction temperature and secondary break- 
down. Safe operating area curves indicate lc — Vce limits of 
the transistor that must be observed for reliable operation; 
i.e. the transistor must not be subjected to greater dissipa- 
tion than the curves indicate. 

The data of Figure 3 is based on Tj( p i,) = 110°C; T c is 
variable depending on conditions. Pulse curves are valid for 
duty cycles to 10% provided Tj ( p tj < 110°C. T^k) may be 
calculated from the data in Figure 2. At high case tempera- 
tures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by 
secondary breakdown. 


FIGURE 4 - SWITCHING TEST CIRCUIT 


(-) 



FIGURE 5 -SWITCHING TIMES 



The switching performance of this transistor is determined primarily 
by the gain-bandwidth product, fj*. and the behavior of the base-spreading 
resistance, r*'. 

In the case of rise time, the base-spreading resistance plays a small 
part, and the test circuit delivers a constant current step of turn-on current 
to the transistor (In). Therefore, the curve of t, on Figure 5 follows theory 
closely, i.e.: 


From the curve, it can be seen that f T is roughly constant with current; using 
the equation, its large signal value can be calculated to be approximately 
120 kHz at the 20-Amp level. A lower supply voltage will increase rise time 
slightly. 

Turn-off time is slow because of conductivity modulation which occurs 
in the base region. When the transistor is held “oq.” in saturation, the base 
region becomes filled with excess charge: i.e., charge in excess of that 

* ft ~ f«. x h,. 


necessary to sustain the circuit limited value of lc As a result, the base 
resistivity and consequently r B ' become very low. During turn off, as the 
excess charge is reduced, the accompanying increase in resistivity causes 
a marked reduction in the turn-off current, i l2 , as can be seen from the wave- 
forms of Figure 4. During fall time, the i B2 current is very low causing an 
extended fall time. 


Only a slight improvement in turn-off performance is achieved with a 
“speed-up" capacitor placed across R B . This unusual behavior occurs be- 
cause r B ' limits the amount of reverse current which can be achieved. Also, 
it seems evident that r g ' increases with applied reverse current, so that 
efforts to speed up the turn-off behavior are somewhat futile. 

In most applications, switching time will be close to the values shown 
on Figure 5. Delay time is not shown as it is negligible in comparison to. the 
other times. 
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| Cf COLLECTOR CURRENT (mA) Rbe, EXTERNAL BASE-EMITTER RESISTANCE (Q) h FE , DC CURRENT GAIN , NORMALIZED 


2N4276 thru 2N4283 (continued) 


TYPICAL DC CHARACTERISTICS 


FIGURE 6 - DC CURRENT GAIN FIGURE 7 - COLLECTOR SATURATION REGION 



0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 0.005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 

l Cl COLLECTOR CURRENT (AMP) l Bl BASE CURRENT (AMP) 


FIGURE 8 - EFFECTS OF BASE-EMITTER RESISTANCE FIGURE 9 - “ON” VOLTAGES 



Tj, JUNCTION TEMPERATURE (°C) l C , COLLECTOR CURRENT (AMP) 


FIGURE 10- COLLECTOR CUTOFF REGION FIGURE 11 - TEMPERATURE COEFFICIENTS 



V BE , BASE-EMITTER VOLTAGE (VOLTS) l c , COLLECTOR CURRENT (AMP) 

NOTE 1: Data is obtained from pulse tests and adjusted to nullify the effect of l clo - 
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2n4342 (SILICON) 


SILICON P-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 


Depletion Mode (T ype A) Junction Field-EffectT ransistor designed 
primarily for high-gain audio frequency applications. 


• High Forward Transadmittance — 

|yf s | = 2.0 mmhos (Min) @ V D S = -10 Vdc (2N4342) 

• Low Norse Figure — 

NF = 1.5 dB (Max) @f = 100 Hz 

• Low Drain-Source “ON" Resistance — 

r ds(on) = 700 Ohms (Max) @ f * 1.0 kHz (2N4342) 


P-CHANNEL 

JUNCTION FIELD-EFFECT 
TRANSISTORS 

(Type A) 



*MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

v ds 

-25 

Vdc 

Drain-Gate Voltage 

VdG 

-25 

Vdc 

Reverse Gate-Source Voltage 

v GS(r) 

25 

Vdc 

Forward Gate Current 

■gf 

50 

mAdc 

Total Device Dissipation @T/\ = 25°C 

Pd 

200 

mW 

Derate above 25°C 


2.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-55 to +125 

°C 

* Indicates JEDEC Registered Data. 





Leads to fit into 
0.016 
0.019 

DIA HOLE (TYP)— | 


0.045 
0.055 ' 


0.175 

0.185 


0.5 

MIN 


] 1 0.045 

n - 0.055 



CASE 29 (7) 
TO-92 
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2N4342 (continued) 


"ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(l G = 10 M Adc, V DS = 0) 

V (BR)GSS 

25 

- 

Vdc 

Gate-Source Cutoff Voltage 

v GS(off) 



Vdc 

( VqS ~ -1 0 Vdc, 1 q = 1 .0 /uAdc) 


1.0 

5.5 


Gate Reverse Current 

*GSS 




(V G S = 15 Vdc, V DS = 0) 


- 

10 

nAdc 

(Vq S = 15 Vdc, V DS = 0, T A = 65°C) 


- 

0.5 

/uAdc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current 
(V DS = -10 Vdc, Vqs = 0) 

•dss 

4.0 

12 

mAdc 

Gate-Source Voltage 
(Vqs = -10 Vdc, Iq = 0.4 mAdc) 

(V DS = -10 Vdc, l D = 1.0 mAdc) 

vgs 

0.7 

5.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON" Resistance 
(Vqs “ 0, lo = 0,f= 1.0 kHz) 

r ds(on) 

- 

700 

Ohms 

Forward Transadmittance 
(V DS = -10 Vdc, V GS = 0, f = 1.0 kHz) 

Vfs 

2000 

6000 

/umhos 

Forward Transconductance 
(V DS = -10 Vdc, V GS = 0,f = 1.0 MHz) 

Re(yf s ) 

1500 

- 

jumhos 

Output Admittance 
(Vqs = -10 Vdc, V GS = 0, f = 1 .0 kHz) 

y 0 s 

- 

75 

/umhos 

Input Capacitance 

(V DS = -10 Vdc, V GS = 0, f = 1.0 MHz) 

n. 

^iss 

' - 

20 

PF 

Reverse T ransfer Capacitance 
(V DS = -10 Vdc, V GS = 0, f = 1 .0 MHz) 

c rss 

- 

5.0 

PF 

Common-Source Noise Figure 
(Vds = “10 Vdc, V GS = 0, Rq = 1.0 Megohm, 
f= 100 Hz, BW = 15 Hz) 

NF 

_ 

1.5 

dB 

Equivalent Short-Circuit Input Noise Voltage 
(V DS = -10 Vdc, V GS = 0, f = 100 Hz, BW= 15 Hz) 

En 

- 

0.08 

/uv/VFiz 


* Indicates JEOEC Registered Data. 
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2n4351 (SILICON) 



Silicon N- channel MOS field effect transis- 
tors, designed for enhancement- mode operation in low 
power switching applications. The 2N4351 is com- 
plementary with type 2N4352 . 


MAXIMUM RATINGS <ta - 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

25 

Vdc 

Drain- Gate Voltage 

V DG 

30 

Vdc 

Gate- Source Voltage 

V GS 

±30 

Vdc 

Drain Current 

l D 

30 

mAdc 

Power Dissipation at T A = 25°C 

P D 

300 

mW 

Derate above 25°C 

1.7 

mW/°C 

Power Dissipation at = 25°C 

P D 

800 

mW 

Derate about 25°C 

4.56 

mW/°C 

Operating Junction Temperature 

T J 

200 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 


HANDLING PRECAUTIONS: 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 

3. Do not insert or remove devices from circuits with the power on because transient 
voltages may cause permanent damage to the devices. 






2N4351 (continued) 


ELECTRICAL CHARACTERISTICS (T/\ - 25°C unless otherwise noted) 

Substrate connected to source. 


Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(1 D = 10 pA, V GS = 0) 

Gate Leakage Current 


Zero-Gate- Voltage Drain Current 


mu 

H 


ON Drain Current 
(V GS = 10 v, Vpg 


Drain-Source "ON” Voltage 
(I D = 2 mA, V GS = 10 V) 


Figure No. 



Gate-Source Threshold Voltage 



(V DS = 10 V, I D = 10 nA) 



SMALL SIGNAL CHARACTERISTICS 


Drain-Source Resistance 


Forward Transfer Admittance 
(Vp S = 10 V, I D = 2 mA, f = 1 k 

Reverse Transfer Capacitance 
(V DS = 0, V GS = 0, f = 140 kHz) 


Input Capacitance 
(Vp S = 10 V, V QS = 0, f = 140 kHz) 

Drain- Substrate Capacitance 
< V D(SUB) = 10 V, f = 140 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Delay ^ = 2. 0 mAdc, V Dg = 10 Vdc, 


Turn-Off Delay ( See Figure 10; Times 
Fall Timp Circuit Determined) 


V (BR)DSS 

kiss 


SS 


FIGURE 1 - FORWARD TRANSFER ADMITTANCE 


FIGURE 2 -CAPACITANCE 
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V DS , DRAIN-SOURCE VOLTAGE (VOLTS) | Dl DRAIN CURRENT (mA) 


2N4351 (continued) 


FIGURE 3 - TRANSFER CHARACTERISTICS FIGURE 4 - DRAIN SOURCE “ON” RESISTANCE 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

V ss , GATE-SOURCE VOLTAGE (VOLTS) 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Vss, GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 5 - “ON” DRAIN-SOURCE VOLTAGE 



2 4 6 8 10 12 14 15 


Vss, GATE-SOURCE VOLTAGE (VOLTS) 
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t d2 , TURN-OFF DELAY TIME (ns) t dlr TURN-ON DELAY TIME (ns) 


2N4351 (continued) 


SWITCHING CHARACTERISTICS 

(T A = 25°C ) 

FIGURE 6 - TURN ON DELAY TIME FIGURE 7 - RISE TIME 
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l D , DRAIN CURRENT (mA) 


FIGURE 9 — FALL TIME 



0.5 1.0 2.0 5.0 10 

lo, DRAIN CURRENT (mA) 


FIGURE 10 -SWITCHING CIRCUIT 
and WAVEFORMS 


ov OUTPUT TO SAMPLING 
OSCILLOSCOPE 



FIGURE 11 - SWITCHING CIRCUIT with 
M0SFET EQUIVALENT MODEL 


The switching characteristics shown above were measured in a test circuit 
similar to Figure 10. At the beginning of the switching interval, the gate voltage is 
at ground and the gate-source capacitance (C gJ = Cm —Cm) has no charge. The 
drain voltage is at Vdd, and thus the feedback capacitance (Cm) is charged to 
Vdd. Similarly, the drain-substrate capacitance (Cd|*ub)) is charged to Vdd since 
the substrate and source are connected to ground. 

During the turn-on interval, C g $ is charged to VGs(the input voltage) through 
Rs (generator impedance) (Figure 11). Cm must be discharged to Vgs — Vdm 
through Rs and the parallel combination of the load resistor(Ro) and the channel 
resistance (ra*). In addition, Cd(sub) is discharged to a low value (VD(onj) through Rd 
in parallel with rd*. During turn-off this charge flow is reversed. 

Predicting turn-on time proves to be somewhat difficult since the channel 
resistance (rd*) is a function of the gate-source voltage (Vgs). As C g » becomes 
charged Vgs is approaching Vin and rd, decreases (see Figure 4) and since Cm 
and Cd(sub) are charged through Fd$, turn-on time is quite non-linear. 

If the charging time of C gt is short compared to that of Cm and Cd(mb), then 
rd S (which is in parallel with Rd) will be low compared to Rd during the switching 
interval and will largely determine the turn-on time. On the other hand, during 
turn-off rds will be almost an open circuit requiring C m and Cd(sub) to be charged 
through Rd and resulting in a turn-off time that is long compared to the turn-on 
time. This is especially noticeable for the curves where Rs = 0 and C g $ is charged 
through the pulse generator impedance only. 

The switching curves shown with Rs = Rd simulate the switching behavior 
df cascaded stages where the driving source impedance is normally the same as 
the load impedance. The set of curves with Rs = 0 simulates a low source im- 
pedance drive such as might occur in complementary logic circuits. 
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2N4352 (SILICON) 



Silicon P-channel MOS field-effect transistor de- 
signed for enhancement-mode operation in low-power 
switching applications. The 2N4352 is complementary 
with type 2N4351. 


MAXIMUM RATINGS rr A = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

25 

Vdc 

Drain- Gate Voltage 

v dg 

30 

Vdc 

Gate- Source Voltage 

V GS 

±30 

Vdc 

Drain Current 


30 

mAdc 

Power Dissipation at T A = 25°C 

PD 

300 

mW 

Derate above 25°C 


1.7 

mW/°C 

Power Dissipation @ = 25°C 

P D 

800 

mW 

Derate above 25°C 


4.56 

mW/°C 

Operating Junction Temperature 

T J 

200 

! 

°C 

Storage Temperature Range 

T stg 

-65 to +175 

°c 


HANDLING PRECAUTIONS: 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 

3. Do not insert or remove devices from circuits with the power on because transient 
voltages may cause permanent damage to the devices. 
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2N4352 (continued) 


ELECTRICAL CHARACTERISTICS (t a - 25°C unless otherwise noted) 

Substrate connected to source. 


Characteristic 

Figure No. 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(I D = -10 fiA, V QS = 0) 

- 

V (BR)DSS 

25 



Vdc 

Gate Leakage Current 

(V GS =±30 v, v DS = 0 ) 

— 

! gss 



10 

pAdc 

Zero-Gate Voltage Drain Current 

(v DS = -io v, v GS = 0 ) 

— 

tss 

- 

10 

nAdc 


ON CHARACTERISTICS 


Gate-Source Threshold Voltage 
(V DS = -io V, I D = -10 M A) 

- 

V GS(TH) 

1.0 

5.0 

Vdc 

“ON” Drain Current 
(V GS = -10 V DS = -10 V) 

3 

^(on) 

3.0 



mA 

Drain-Source “ON” Voltage 
(I D = -2. 0 mA, V QS = -10 V) 

5 

v DS(on) 

— 

1.0 

V 


SMALL SIGNAL CHARACTERISTICS 


Drain- Source Resistance 
(V GS = “ 10 V, I D = 0, f = 1 kHz) 

4 

— 

r ds(on) 



600 

ohms 

Forward Transfer Admittance 
( V DS = “ 10 v > ! D = 2 mA * f = 1 kHz ) 

1 

l y f S | 

1000 

_ 

jumho 

Reverse Transfer Capacitance 
( V DS = °» V GS = 0, f = 140 kHz) 

2 

^rss 



1.3 

pF 

Input Capacitance 

(V DS = -10 V, V QS = 0, f= 140 kHz) 

2 

^iss 



5.0 

pF 

Drain-Substrate Capacitance 
( v D(SUBr-l° v » f= l 40kHz ) 

— 

^d(sub) 

— 

4.0 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Delay 

I D = -2. 0 mAdc, 

V DS = - 10Vdc ’ V GS = " 10V 
(See Figure 10, Times 
Circuit Determined) 

6, 10 

*dl 

— 

45 

ns 

Rise Time 

7, 10 

k r 

— 

65 

ns 

Turn-Off Delay 

8, 10 

t d2 

— 

60 

ns 

Fall Time 

9, 10 

*f 

- 

100 

ns 


FIGURE 1 - FORWARD TRANSFER ADMITTANCE 


FIGURE 2 -CAPACITANCE 



-0.1 -0.2 -0.5 -1.0 -2.0 -5.0 -10 -20 

l D , DRAIN CURRENT (mA) 



0 -2 -4 -6 -8 -10 

VOLTAGE (VOLTS) 
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td2. TURN-OFF DELAY TIME (ns) t*,, TURN-ON DELAY TIME (ns) 


2N4352 (continued) 


SWITCHING CHARACTERISTICS 

(Ta = 25°C) 




FIGURE 10 — SWITCHING CIRCUIT 
and WAVEFORMS 



The switching characteristics shown above were measured in a test circuit 
similar to Figure 10. At the beginning of the switching interval, the gate voltage is 
at ground and the gate-source capacitance (C gs = Cu* — Cru) has no charge. The 
drain voltage is at Vdd, and thus the feedback capacitance (Crss) is charged to 
Vdd. Similarly, the drain-substrate capacitance (Cd|$ub)) is charged to Vdd since 
the substrate and source are connected to ground. 

During the turn-on interval, C g $ is charged to VGs(the input voltage) through 
Rs (generator impedance) (Figure 11). Cr$$ must be discharged to Vgs — VD(on) 
through Rs and the parallel combination of the load resistor(Ro) and the channel 
resistance (raj). In addition, Cd(sub) is discharged to a low value (Vom) through Rd 
in parallel with rd$. During turn-off this charge flow is reversed. 

Predicting turn-on time proves to be somewhat difficult since the channel 
resistance (raj is a function of the gate-source voltage (Vgs). As C gs becomes 
charged Vgs is approaching V; n and ra$ decreases (see Figure 4) and since Crss 
and Cd(sub) are charged through rat, turn-on time is quite non-linear. 

If the charging time of C g , is short compared to that of Cr$ s and Cd($ub), then 
ra$(which is in parallel with Rd) will be low compared to Rd during the switching 
interval and will largely determine the turn-on time. On the other hand, during 
turn-off Td$ will be almost an open circuit requiring Cr$$ and Cd(sub) to be charged 
through Rd and resulting in a turn-off time that is long compared to the turn-on 
time. This is especially noticeable for the curves where Rs = 0 and C gs is charged 
through the pulse generator impedance only. 

The switching curves shown with Rs = Rd simulate the switching behavior 
of cascaded stages where the driving source impedance is normally the same as 
the load impedance. The set of curves with Rs = 0 simulates a low source im- 
pedance drive such as might occur in complementary logic circuits. 

FIGURE 11 - SWITCHING CIRCUIT with 
MOSFET EQUIVALENT MODEL 
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2n4360 (SILICON) 


SILICON P-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 


Depletion Mode (T ype A) Junction Field-Effect T ransistors designed 
primarily for low-power audio frequency applications 

• Forward Transadmittance - 

|yf s | = 2.0 mmhos (Min) @ Vqs = -10 Vdc 

• Low Reverse T ransfer Capacitance - 

C rss = 5.0 pF (Max) @ VqS = -10 Vdc 


P-CHANNEL 

JUNCTION FIELD-EFFECT 
TRANSISTORS 

(Type A) 


"MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

-20 

Vdc 

Drain-Gate Voltage 

vdg 

-20 

Vdc 

Reverse Gate-Source Voltage 

vgsr 

20 

Vdc 

Gate Current 

ig 

50 

mAdc 

T otal Device Dissipation @ = 25°C 

Pd 

200 

mW 

Derate above 25°C 


2.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

TjTstg 

-55 to +125 

°C 

‘indicates JE DEC Registered Data. 






Case 29 with leads formed to a 
TO- 18 configuration. 


Leads to fit into 
0.016 
0.019 

DIA HOLE (TYP) 




CASE 29(7) 
TO-92 
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2IM4360 (continued) 


"ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(l G = 10 jiAdc, V DS = 0) 

V (BR)GSS 

20 

- 

Vdc 

Gate-Source Cutoff Voltage 
( Vqs = -1 0 Vdc, 1 d = 1 .0 /nAdc) 

v GS(off) 

0.7 

10 

Vdc 

Gate Reverse Current 
(Vqs = 15 Vdc, V DS = 0) 

(Vqs = 15 Vdc, V DS = 0, T A = 65°C) 

<GSS 

- 




ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current (Note 1 ) 

(V DS = -10Vdc, Vqs - 0) 

'dss 

3.0 

30 

mAdc 

Gate-Source Voltage 
(Vqs = -10 Vdc, Ip = 0.3 mAdc) 


0.4 

9.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON” Resistance 
(V GS = 0, l D = 0,f= 1.0 kHz) 


- 

700 


Forward Transadmittance (Note 1) 

(V DS = -10 Vdc, V G S = 0, f = 1.0 kHz) 



8000 


Forward Transconductance 
(V DS = -10 Vdc, Vqs = 0, f = 1.0 MHz) 


1500 

- 


Output Admittance 
(Vqs = -10 Vdc, Vqs = 0, f = 1.0 kHz) 

Ivosl 

- 

100 


Input Capacitance 

(V DS = -10 Vdc, Vqs = 0, f = 1.0 MHz) 

Ciss 

- 

20 

pF 

Reverse Transfer Capacitance 
(V DS = -10 Vdc, Vqs = 0, f = 1.0 MHz) 

C r ss 

- 

5.0 

pF 

Common-Source Noise Figure 
(Vds = -10 Vdc, Ip = 1-0 mAdc, Rq = 1.0 Megohm, 
f = 100 Hz) 

NF 

— 

5.0 

dB 

Equivalent Short-Circuit Input Noise Voltage 
(V D S = -10 Vdc, l D = 1-0 mAdc, f = 100 Hz, BW = 15 Hz) 

E n 

- 

0.19 



indicates JE DEC Registered Data. 


Note 1 : Pulse Test: Pulse Width < 630 ms, Duty Cycle <t 10%. 
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2n4361 thru 2n4368 PNPN (SILICON) 
2n4371 thru 2n4378 


THYRISTORS 

SILICON CONTROLLED RECTIFIERS 


. . . designed for high power industrial and consumer applications in 
power and speed controls such as welders, furnaces, motors, space 
heaters and other equipment where control of high current is needed. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

* Repetitive Peak Reverse Blocking 

V RRM (1) 


Volts 

Voltage 2N4361, 2N4371 


100 


2N4362, 2N4372 


200 


2N4363, 2N4373 


400 


2N4364, 2N4374 


600 


2N4365, 2N4375 


800 


2N4366, 2N4376 


1000 


2N4367, 2N4377 


1200 


2N4368, 2N4378 


1400 


Non-Repetitive Peak Reverse 

VRSM 


Volts 

Blocking Voltage 

(t<5.0ms) 2N4361, 2N4371 


200 


2N4362, 2N4372 


300 


2N4363, 2N4373 


500 


2N4364, 2N4374 


700 


2N4365, 2N4375 


900 


2N4366, 2N4376 


1100 


2N4367, 2N4377 


1300 


2N4368, 2N4378 


1500 


Forward Current RMS, Tq = 75°C 

■t(RMS) 

110 

Amp 

’Peak Surge Current 

<tsm 

1600 

Amp 

(One cycle, 60 Hz) (Tj = -40 to +1 25°C) 




Circuit Fusing Considerations 

|2 t 


A 2 s 

(Tj = -40 to +1 25°C) ! t = o^ mS ! 

J (t = 8.3 ms) 


8400 

10.700 


’Peak Gate Power 

P GFM 

15 

Watts 

’Average Gate Power 

p GF(AV) 

3.0 

Watt 

’Peak Forward Gate Current 

'GFM 

4.0 

Amp 

’Peak Reverse Gate Voltage 

V GRM 

5.0 

Volts 

’Operating Junction Temperature Range 

Tj 

-40 to +125 

°C 

’Storage Temperature Range 

T stg 

-40 to +150 

°C 

Stud Torque 

- 

130 

in. lb. 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.28 

°C/W 


‘Indicates JEDEC Registered Data. 

“Consult factory for higher and intermediate voltages. 

(1) Ratings apply for zero or negative gate voltage. Devices should not be tested for blocking 
capability in a manner such that the voltage applied exceeds the rated blocking voltage. 

(2) Devices should not be operated with a positive bias applied to the gate concurrent with a 
negative potential applied to the anode. 

(3) Reliable operation can be impaired if torque rating is exceeded, terminal tubes bent, or 
seal broken. 


THYRISTORS 

PNPN 

110 AMPERES RMS 
100 thru 1400 VOLTS** 




2N4371 
SERIES 
CASE 246 
TO-83 


2N4361 
SERIES 
CASE 219 
TO -94 
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2N4361 thru 2N4368/2N4371 thru 2N4378 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

*Peak Forward Blocking Voltage 

V DRM (1) 




Volts 

(Tj = 125°C) 2N4361, 2N4371 


100 

- 

- 


2N4362, 2N4372 


200 

- 

- 


2N4363, 2N4373 



- 

— 


2N4364, 2N4374 



- 

- 


2N4365, 2N4375 



- 

— 


2N4366, 2N4376 



— 

- 


2N4367, 2N4377 


H 

— 

— 


2N4368, 2N4378 


• 

- 

- 


*Peak Forward Blocking Current 

'drm 


— 


mA 

(Rated Vqrm, with gate open, Tj = 125°C) 






*Peak Reverse Blocking Current 


- 

- 

10 

mA 

(Rated Vrrm, with 9 ate open, Tj = 125°C) 






Forward "On" Voltage 

Vt 

_ 

- 

1.6 

Volts 

(l T = 50 A Peak, Tj = 25°C) 






Forward "On" Voltage 

VTM 

- 

- 


Volts 

(l T M = 500 A Peak Tj = 25°C) 




HhH 


Gate Trigger Current 

! gt 

- 

- 

■ 

mA 

(Anode Voltage = 12 V, Rl = 3.0 ohms) 




■ ■ 


Gate Trigger Voltage 

VGT 

- 

- 

3.0 

Volts 

(Anode Voltage = 12 V, R[_ = 3.0 ohms) 






Holding Current 

Ih 

- 

30 

- 

mA 

(Anode Voltage = 12 V, gate open, Tj = 125°C) 






*Non-Triggering Gate Voltage 

V GD 

- 

- 

0.15 

Volts 

(Anode Voltage = Rated Vqm, Rl = lOOohms, Tj = 125°C) 






Turn-Off Time 

tq 


40 

_ 

jus 

(l TM = 50 A, Ir = 20 A, Tj = 125°C) 






*Forward Voltage Application Rate 

dv/dt 

100 

- 

_ 

V/jus 

(Exponential to Vqrm) 







'Indicates JEDEC Registered Data. 

(l)Ratings apply for zero or negative gate voltage. Devices should not be tested with a constant current source for forward or reverse blocking 
capability such that the voltage applied exceeds the rated blocking voltage. 


DERATING AND DISSIPATION FOR RESISTIVE AND INDUCTIVE 
LOADS (f = 50 to 400 Hz, SQUARE WAVE) 



0 15 30 45 60 75 90 105 120 



0 15 30 45 60 75 90 105 120 


IT(AV)- AVERAGE FORWARD CURRENT (AMP) 


Ij(AV). AVERAGE FORWARD CURRENT (AMP) 
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2N4361 thru 2N4368/2N4371 thru 2N4378 (continued) 


DERATING AND DISSIPATION FOR RESISTIVE AND INDUCTIVE 
LOADS (f = 50 to 400 Hz, SINE WAVE) 


FIGURE 3 -CURRENT DERATING 



0 15 30 45 60 75 90 105 120 



Ij(AV). AVERAGE FORWARD CURRENT (AMP) 


lT(AV), AVERAGE FORWARD CURRENT (AMP) 



I l_l I I I 1 1 1 1 1 

0 1.0 2.0 3.0 4.0 5.0 


VjM» MAXIMUM INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 
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2N4361 thru 2N4368/2N4371 thru 2N4378 (continued) 





To convert inches to millimeters multiply by 25.4 
All JEDEC dimensions and notes apply 

CASE 219-01 
TO-94 


To convert inches to millimeters multiply by 25.4 
All JEDEC dimensions and notes apply 

CASE 246-01 
TO-83 


TERMINAL 1 - GATE (WHITE) 

TERMINAL 2 - CATHODE POTENTIAL (RED) 
TERMINAL 3 - CATHODE (RED) 

TERMINAL 4 -ANODE 


TERMINAL 1 - GATE 
TERMINAL 2 -CATHODE 
TERMINAL 3 -ANODE 
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2n4391 (SILICON) 

2n4392 

2n4393 


SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 


Depletion Mode (Type A) Junction Field-Effect Transistors designed 
for chopper and high-speed switching applications. 


• Low Drain-Source “On" Resistance — 

rds(on) = 30 Ohms (Max) @ f = 1 .0 kHz (2N4391 ) 

• Low Gate Reverse Current - 

IQSS = 0.1 nAdc (Max) @ Vqs = 20 Vdc 

• Guaranteed Switching Characteristics 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

v 

V DS 

40 

Vdc 

Drain-Gate Voltage 

v 

DG 

40 

Vdc 

Gate-Source Voltage 

v 

GS 

40 

Vdc 

Forward Gate Current 

’G(f) 

50 

mAdc 

Total Device Dissipation (S T = 25° C 

P D 

1.8 

Watts 

Derate above 25° C 


10 

mW/ u C 

Operating Junction Temperature Range 

T J 

-65 to +175 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


N-CHANNEL 

JUNCTION FIELD-EFFECT 
TRANSISTORS 

(Type A) 



FIGURE 1 SWITCHING TIMES TEST CIRCUIT 



INPUT (t r = tf < 0.5 ns) 
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2N4391, 2N4392, 2N4393 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate -Source Breakdown Voltage 
(I G = 1.0 jiAdc, V Dg = 0) 

V (BR)GSS 

40 

- 

Vdc 

Gate -Source Forward Voltage 


V GS(f) 



Vdc 

(I G = 1. 0 mAdc, V Dg = 0) 


“ 

1.0 


Gate -Source Voltage 


V GS 



Vdc 

( V DS = 20 Vdc, I D =1.0 nAdc) 

2N4391 

4.0 

10 


2N4392 


2.0 

5.0 



2N4393 


0.5 

3.0 


Gate Reverse Current 


! gss 



nAdc 

(V os = 20v <lc, V DS =0) 


- 

0. 1 


(V GS =20 Vdc, V DS = 0, T a = 150‘C) 



" 

0.2 

liAdc 

Drain-Cutoff Current 


*D(off) 



nAdc 

(V Dg = 20 Vdc, V QS = 12 Vdc) 

2N4391 

- 

0. 1 


(V Dg = 20 Vdc, V Gg = 7. 0 Vdc) 

2N4392 


- 

0. 1 


(V DS =20 Vdc, V Gg =5.0 Vdc) 

2N4393 


- 

0. 1 


(V Dg = 20 Vdc, V QS = 12 Vdc, T A = 150° C) 

2N4391 


- 

0.2 

H-Adc 

(V Dg = 20 Vdc, V Gg = 7. 0 Vdc, T A = 150° C) 

2N4392 


- 

0.2 


(V Dg = 20 Vdc, V QS = 5. 0 Vdc, T A = 150° C) 

2N4393 


- 

0.2 



ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current (11 


J DSS 



mAdc 

(V DS =2° vd c, V GS =0) 

2N4391 

50 

150 


2N4392 


25 

75 



2N4393 


5.0 

30 


Drain-Source "ON" Voltage 


V DS(on) 



Vdc 

(I D = 12 mAdc, V Gg = 0) 

2N4391 

- 

0.4 


(I D = 6.0 mAdc, V Gg =0) 

2N4392 


- 

0.4 


(^ = 3. 0 mAdc, V Gg = 0) 

2N4393 


- 

0.4 


Static Drain-Source "ON" Resistance 


r DS(on) 



Ohms 

(I D = 1. 0 mAdc, V GS = 0) 

2N4391 

- 

30 


2N4392 


- 

60 



2N4393 


- 

100 



SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON" Resistance 
(V GS = °> Ij) = 0, f = 1. 0 kHz) 

2N4391 

2N4392 

2N4393 

r ds(on) 

- 

30 

60 

100 

Ohms 

Input Capacitance 


C. 



PF 

(V Dg = 20 Vdc, V QS = 0, f = 1. 0 MHz) 



" 

14 


Reverse Transfer Capacitance 


C rsg 



pF 

( V Ds = °> V G S = 12 Vdc > f = u 0 MHz > 

2N4391 


- 

3.5 


( V DS = °» V G S = 7 * 0 Vdc ’ f = U 0 MHz) 

2N4392 


- 

3.5 


( V DS = °» V GS = 5 * 0 Vdc > f = !• 0 MHz ) 

2N4393 


- 

3.5 



SWITCHING CHARACTERISTICS 


Turn-On Time (See Figure 1) 

(lD (0 „ r 12m Adc > 

(I D(on) =6 ' 0mAdc) 

‘ I D(on) =30mAdc) 

2N4391 

2N4392 

2N4393 

‘on 


15 

15 

15 

ns 

Rise Time (See Figure 1) 


t r 



ns 

(iD^n) - 12 

2N4391 


- 

5.0 


(I D(on) = 6 ' 0mAdc) 

2N4392 


- 

5.0 


(I D(on) =3 - 0mAdc) 

2N4393 


- 

5.0 


Turn-Off Time (See Figure 1) 


toff 



ns 

(v G S (o«r 12Vdc) 

2N4391 


- 

20 


‘ V GS(o«) =7 -° VdC) 

2N4392 


- 

35 


‘ V GS(o«)= 5 - 0Vdc) 

2N4393 


- 

50 


Fall Time (See Figure 1) 


t { 



ns 

< v GS(o«r 12vdc > 

2N4391 


- 

15 


< v G S <offr 7 - 0vdc) 

2N4392 


- 

20 


‘ V GS(0H) =5 -° VdC> 

2N4393 


- 

30 



^ ‘Pulse Test: Pulse Width « 100 /is, Duty Cycle s 1.0%. 
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2n4398 PNP (SILICON) 

2n4399 

2n5745 


PNP SILICON HIGH-POWER TRANSISTORS 

... designed for use in power amplifier and switching circuits; serves 
as direct replacements for Germanium high-power devices. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = LO Vdc (Max) @ lc= 15 Adc (2N4398, 2N4399) 

• DC Current Gain Specified — 1.0 to 30 Adc 

• Complements to NPN 2N5301 , 2N5302, 2N5303 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N4398 

2N4399 

2N5745 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

V E B 

— 5.0 ~ 

Vdc 

Collector Current — Continuous 

•c 

30 

30 

20 

Adc 

Peak 


50 

50 

50 


Base Current — Continuous 

>B 


7.5 


Adc 

Peak 



15 



Total Device Dissipation @T/\ = 25°C** 

Pd 


5.0 


Watts 

Derate above 25°C 



28.6 


mW/°C 

T otal Device Dissipation @ Tc = 25°C 

Pd 


200 


Watts 

Derate above 25°C 



1.15 — 


W/°C 

Operating and Storage Junction 

Tj'Tstg 


-65 to +200 «*- 

°C 

Temperature Range 







THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0jc 

0.875 

°C/W 

Thermal Resistance, Junction to Ambient 

0JA 

35 

o 

0 

1 


* I ndicates JEDEC Registered Data 

* * Motorola guarantees this data in addition to JEDEC Registered Data. 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 

Ta Tc 



0 25 50 75 100 125 150 175 200 


T, TEMPERATURE (°C) 

Safe Area Curves are indicated by Figure 13. All 
limits are applicable and must be observed. 


20, 30 AMPERE 
POWER TRANSISTORS 

PNP SILICON 

40-60-80 VOLTS 
200 WATTS 




(TO-3 except Pin Diameter) 
(Collector Connected to Case) 

To convert inches to millimeters multiply by 25.4. 
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2N4398, 2N4399, 2N5745 (continued) 


* ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

| Characteristic 


Symbol 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltaged) 

(IC = 200 mAdc, l B = 0) 

2N4398 

2N4399 

2N5745 

VCEO(sus) 

40 

60 

80 

I 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V CE = 40 Vdc, l B = 0) 

2N4398 


- 

5.0 


(V C E = 60 Vdc. I B = 0) 

2N4399 


- 

5.0 


(V C £ = 80 Vdc, 1 B = 0) 

2N5745 


- 

5.0 


Collector Cutoff Current 


>CEX 



mAdc 

(V CE = 40 Vdc, V B E(off) = 1-5 Vdcl 

2N4398 


- 

5.0 


(V CE = 60 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

2N4399 


- 

5.0 


(V C E = 80 Vdc, V BE (off) = 1.5 Vdc) 

2N5745 


- 

5.0 


(V CE = 30 Vdc, V BE ( of f) = 1.5 Vdc, T C = 1 50°C) 

2N4398, 2N4399 


- 

10 


(V CE = 80 Vdc, V BE ( 0 ff) = 1.5 Vdc, T c = 150°C) 

2N5745 


- 

10 


Collector Cutoff Current 


•CBO 



mAdc 

(V CB = 40Vdc, l E = 0) 

2N4398 


- 

1.0 


(Vcb = 60 Vdc, l E = 0) 

2N4399 


- 

1.0 


(V CB = 80Vdc, l E = 0) 

2N5745 


- 

1.0 


Emitter Cutoff Current 


>EBO 

- 

5.0 

mAdc 

(V EB = 5.0Vdc, l C = 0) 







ON CHARACTERISTICS 


DC Current Gaind ) 

(l C =1.0 Adc, l V CE = 2.0 Vdc) 

(l C = 1 0 Adc, V CE = 2.0 Vdc) 

(l C = 15 Adc, V CE = 2.0 Vdc) 

(l C = 20 Adc, V CE = 2.0 Vdc) 

(lC = 30 Adc, V CE = 4.0 Vdc) 

All Types 

2N5745 

2N4398, 2N4399 

2N 5745 

2N4398, 2N4399 

h FE 

40 

15 

15 

5.0 

5.0 

60 

60 


Collector-Emitter Saturation Voltaged) 


VCE(sat) 



Vdc 

(lC = 10 Adc. I B = 1.0 Adc) 

2N4398, 2N 4399 


_ 

0.75 



2N5745 


- 

1.0 


(IC= 15 Adc, l B = 1.5 Adc) 

2N4398, 2N4399 


- 

1.0 



2N5745 


- 

1.5 


dc = 20 Adc, l B = 2.0 Adc) 

2N4398, 2N4399 


- 

2.0 


(IC = 20 Adc, l B =4.0 Adc) 

2N5745 


- 

2.0 


(1 C = 30 Adc, l B = 6.0 Adc) 

2N4398, 2N4399 


- 

4.0 


Base-Emitter Saturation Voltaged) 


VBE(sat) 



Vdc 

dC= 10 Adc, l B = 1.0 Adc)** 

2N4398, 2N4399 


— 

1.6 



2N5745 


- 

1.7 


(l C = 15 Adc, l B = 1.5 Adc) 

2N4398, 2N4399 


- 

1.85 



2N5745 


- 

2.0 


dc = 20 Adc, l B = 2.0 Adc)** 

2N4398, 2N4399 


- 

2.5 


(lC = 20 Adc, l B = 4.0 Adc) 

2N5745 


- 

2.5 


Base-Emitter On Voltaged) 


v BE(on) 



Vdc 

(l C = 10 Adc, V C E = 2.0 Vdc) 

2N5745 


- 

1.5 


(lC = 15 Adc, Vce = 2.0 Vdc) 

2N4398, 2N4399 


- 

1.7 


dc = 20 Adc, V C E = 4.0 Vdc) 

2N5745 


- 

2.5 


(l C = 30 Adc, V CE = 4.0 Vdc) 

2N4398, 2N4399 


- 

3.0 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product(2) 

(l c = 10 Adc, V CE = 10 Vdc, f = 1.0 MHz) 2N4398, 2N4399 

2N5745 

*T 

4.0 

2.0 

— 

- 

MHz 

Small-Signal Current Gain 
(1C =* 1 0 Adc, V CE = 10 Vdc, f = 1 .0 kHz) 

h fe 

40 


- 


SWITCHING CHARACTERISTICS (See Figures 2 and 3) 


Rise Time 

2N4398, 2N4399 

t r 



0.4 

MS 


<w 2N5745 



1.0 





— 



Storage Time 

l c = 1 0 Adc, 2N4398, 2N4399 

ts 


1.5 

MS 


1 B1 = lB2= TO Adc) 2N5745 


— 1 

2.0 


Fall Time 

2N4398, 2N4399 

tf 

_ 

0.6 

MS 


2N5745 


- 

1.0 



* Indicates JE DEC Registered Data. (1 )Pulse Test: Pulse Width ^ 300 |US, Duty Cycle ^2.0%. 

* *Motorola Guarantees this Data in Addition to JEDEC Registered Data. (2)f j is defined as the frequency at which |hf e | extrapolates to unity. 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 


FIGURE 2 - TURN-ON TIME FIGURE 3 - TURN-OFF TIME 



FOR CURVES OF FIGURES 5 & 6, R B . R L . & V cc ARE VARIED 
INPUT LEVELS ARE APPROXIMATELY AS SHOWN. 
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2N4398, 2N4399, 2N5745 (continued) 


TYPICAL TRANSIENT CHARACTERISTICS 


TYPICAL "OFF" REGION CHARACTERISTICS 



0.5 1.0 2.0 3.0 5.0 10 20 30 50 

REVERSE BIAS (VOLTS) 



0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 


l c , COLLECTOR CURRENT (AMP) 



0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 


l c , COLLECTOR CURRENT (AMP) 



0.2 0.1 0 0.1 0.2 0.3 0.4 0.5 

V BE , BASE-EMITTER VOLTAGE (VOLTS) 



25 50 75 100 125 150 175 


T J( JUNCTION TEMPERATURE (°C) 
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RMALIZED) 






r(t), NORMALIZED EFFECTIVE TRANSIENT THERMAL RESISTANCE , COLLECTO r CURRENT (AMP) 


2N4398, 2N4399, 2N5745 (continued) 


RATINGS AND THERMAL DATA 

FIGURE 13 - ACTIVE-REGION SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 10 20 30 50 100 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate lc — VCE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 13 is based onTj(p|<) = 200 °C;Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) ^ 200°C. T j (pk) rna Y be 
calculated from the data in Figure 14. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 


FIGURE 14 - THERMAL RESPONSE 



DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 


, 

tp -1 

1 




pp 


Pp 


DUTY CYCLE D - tj f = ^ 
PEAK PULSE POWER = P P 


A train of periodical power pulses can be represented by the model 
as shown in Figure A. Using the model and the device thermal reponse, 
the normalized effective transient thermal resistance of Figure 14 
was calculated for various duty cycles. 

To find 0jc(t), multiply the value obtained from Figure 14 by the 
steady state value 0jc(°°). 

Example: 

The 2N4398 is dissipating 100 watts under the following conditions: 
ti = 1.0 ms, tp = 5.0 ms. (D = 0.2) 

Using Figure 14, at a pulse width of 1 .0 ms and D = 0.2, the reading 
of r (t) is 0.28. 

The peak rise in junction temperature is therefore 

AT = r(t) X P P X 0 JC (°°) = 0.28 X 100 X 0.875 = 24.5° C 
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2 n 4400 (SILICON) 
2n4401 



NPN silicon annular transistors designed for 
general purpose switching and amplifier applications 
and for complementary circuitry withPNP types 2N4402 
and 2N4403. Features one-piece, injection - molded 
plastic package for high reliability. 


MAXIMUM RATINGS <t a = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector- Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

— 

V C B 

60 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current - Continuous 

J C 

600 

mAdc 

Total Device Dissipation = 25°C 

P D 

350 

mW 

Derate above 25°C 


2.73 

j 

mW/°C 

Operating & Storage Junction 

Temperature Range 



°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance , Junction to Case 

9 JC 

0.137 

°C/mW 

Thermal Resistance, Junction to Ambient 

»JA 

0.357 

°C/mW 
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2N4400, 2N4401 (continued) 


ELECTRICAL CHARACTERISTICS (T A " 25 ° c unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Mm 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 

(1 q • 1 mAdc, Ig = 0) 


BV CEO* 

40 

_ 

Vdc 

Collector-Base Breakdown Voltage 
(1C * 0.1 mAdc, I E = 0) 


BV CBO 

SO 



Vdc 

Emitter-Base Breakdown Voltage 
(I E * 0.1 mAdc, Ic = 0) 


bv ebo 

6.0 

— 

Vdc 

Collector Cutoff Current 
(V C E = 35 Vdc, V EB (off) = 0.4 Vdc) 


k:Ex 

— 

0.1 

jiAde 

Base Cutoff Current 
(V CE * 35 Vdc, V EB(off) = 0.4 Vdc) 


! bl 

— 

0.1 

MAdc 


ON CHARACTERISTICS 


DC Current Gain 


15 

h FE 



(1C = 0.1 mAdc, V CE = 1 Vdc) 

2N4401 



20 

— 

Gc = 1 mAdc, V CE = 1 Vdc) 

2N4400 



20 

— 

2N4401 



40 


Gc = 10 mAdc, V CE = 1 Vdc) 

2N4400 



40 

— 

2N4401 



80 

— 

Gq = 150 mAdc, V CE * 1 Vdc)* 

2N4400 



50 

150 

2N4401 



100 

300 

Gq * 500 mAdc, V CE = 2 Vdc)* 

2N4400 



20 

— 

2N4401 



40 

— * 

Collector-Emitter Saturation Voltage* 


16, 17, 18 

V CE(sat) 



» 150 mAdc, I B * 15 mAdc) 



' ~ 

0.4 

Gc = 500 mAdc, 1 B * 50 mAdc) 


i 


— 

0.75 

Base-Emitter Saturation Voltage* 


17, 18 

V BE(sat) 

0.75 

0.95 

Gg ■ 150 mAdc, I B = 15 mAdc) 



G c “ 500 mAdc, I fi = 50 mAdc) 




— 

1.2 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
Oc * 20 mAdc, V CE = 10 Vdc, f = 10C MHz) 2N4400 

2N4401 


Collector-Base Capacitance 
(Vcb = 5 Vdc, I E = 0, f *100 kHz, emitter guarded) 


Emitter-Base Capacitance 

(V B e = 0.S Vdc, Ic = 0, f * 100 kHz, collector guarded) 


Input Impedance 

0c s 1 tnAdc, V rE * 10 Vdc, f = 1 kHz) 2N4400 

" 2N4401 


Voltage Feedback Ratio 
Gc = 1 mAdc, V CE = 10 Vdc, I - 1 kHz) 


Small-Signal Current Gain 

Gc * 1 mAdc, V CE = 10 Vdc, f * 1 kHz) 2N4400 

2N4401 


Output Admittance 

Gc - 1 mAdc, V CE = 10 Vdc, f * 1 kHz) 















































































V STORAGE TIME (ns) t TIME (ns) CAPACITANCE (pF) 


2N4400, 2N4401 (continued) 










h r „ VOLTAGE FEEDBACK RATIO (x IQ— 4 ) k,. CURRENT GAIN NF ' N0ISE F,GURE (dB) 


2N4400, 2N4401 (continued) 


SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE 

V C6 = 10Vdc,T A = 25*C 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 


f. FREQUENCY (kHz) 


FIGURE 10 - SOURCE RESISTANCE EFFECTS 



h PARAMETERS 

V c * = 10 Vdc, f = 1 kHz, T a = 25*C 

This group of graphs illustrates the relationship be- 2N4400 and 2N4401 lines, and the same units 

tween ty. and other "h” parameters for this series were used to develop the correspondingly 

of transistors. To obtain these curves, a high-gain numbered curves on each graph, 

and a low-gain unit were selected from both the 


FIGURE 11 -CURRENT GAIN 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 


FIGURE 12 - INPUT IMPEDANCE 



l c , COLLECTOR CURRENT (mA) 


l c , COLLECTOR CURRENT (mAO 



lc. COLLECTOR CURRENT (mA) 


lc, COLLECTOR CURRENT (mA) 



VOLTAGE (VOLTS) V C |, COLLECTOR-EMITTER VOLTAGE (VOLTS) h«, NORMALIZED CURRENT GAIN 


2N4400, 2N4401 (continued) 


STATIC CHARACTERISTICS 
FIGURE 15 -DC CURRENT GAIN 



FIGURE 16 - COLLECTOR SATURATION RE6I0N 



0.01 0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 


l», BASE CURRENT (mA) 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 

lo COLLECTOR CURRENT (mA) 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 


lc COLLECTOR CURRENT (mA) 
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2N4402 (SILICON) 
2n4403 


PNP silicon annular transistors designed for general 
purpose switching and amplifier applications and for 
complementary circuitry with NPN types 2N4400 and 
2N4401. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector- Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current - Continuous 

l C 

600 

mAdc 

Total Device Dissipation T A = 25°C 

P D 

310 

mW 

Derate above 25°C 


2.81 

mW/°C 

Operating & Storage Junction 

Temperature Range 

T J> T stg 

-55 to + 135 

°C 



CASE 29(1) 

TO-92 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

9 JC 

0.137 

°C/mW 

Thermal Resistance, Junction to Ambient 

9 ja 

0.357 

°C/mW 


SWITCHING TIME EQUIVALENT TEST CIRCUIT 


FIGURE 1 - TURN-ON TIME 
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2N4402, 2N4403 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25 *C unless otherwise noted) 


Characf eristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(IC = 1 mAdc, % = 0) 


bv ceo 

40 



Vdc 

Collector-Base Breakdown Voltage 
flc = 0.1 mAdc, I E = 0) 


bv cbo 

40 

— . 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 0.1 mAdc, 1^=0) 


bv EBO 

5.0 



Vdc 

Collector Cutoff Current 
(V C e * 35 Vdc, VBE(off) - 0.4 Vdc) 


*CEX 



0.1 

/iAdc 

Base Cutoff Current 
(V CE - 35 Vdc, V BE(o£f) * 0.4 Vdc) 


*BL 

— 

0.1 

jzAdc 


ON CHARACTERISTICS 


DC Current Gain 


15 

h FE 




(Iq = 0.1 mAdc, V CE * 1 Vdc) 

2N4403 


30 

— 


(Iq = 1 mAdc, V CE = 1 Vdc) 

2N4402 



30 

— 


2N4403 



60 

— 


(Ic = 10 mAdc, V CE = 1 Vdc) 

2N4402 



50 



2N4403 



100 

— 


(IC *=150 mAdc, V CE = 2 Vdc)d> 

2N4402 



50 

150 


2N4403 



100 

300 


(1q * 500 mAdc, V CE = 2 Vdc)(D 




20 

— 


Collector- Emitter Saturation Voltage (1) 


16, 17, 18 

V CE(sat) 



Vdc 

(Ic = 150 mAdc, Ig = 15 mAdc) 



— 

0.4 


(Ic = 500 mAdc, Ig = 50 mAdc) 




— 

0.75 


Base- Emitter Saturation Voltage (11 


17, 18 

v BE(sat) 



Vdc 

(I q * 150 mAdc, % * 15 mAdc) 



0.75 

0.95 


(Ic = 500 mAdc, Ig = 50 mAdc) 




— 

1.3 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I c = 20 mAdc, V CE = 10 Vdc, f = 100 MHz) 2N4402 

2N4403 


f T 

150 

200 

- 

MHz 

Collector-Base Capacitance 
(V C g = 10 Vdc, I E = 0, f = 140 kHz, emitter guarded) 

3 

C cb 


8.5 

pF 

Emitter-Base Capacitance 

( V BE = Vdc, Ig * 0, f « 140 kHz, collector guarded) 

3 

Ceb 

. . 


30 

pF 

Input Impedance 

Gc ■ 1 mAdc, V CE = 10 Vdc, f « 1 kHz) 2N4402 

2N4403 

12 

»He 

750 

1.5k 

7.5k 

15k 

ohms 

Voltage Feedback Ratio 
(I c * 1 mAdc, V CE = 10 Vdc, f = 1 kHz) 

13 

hre 

0.1 

8.0 

X 10~ 4 

Small-Signal Current Gain 

(IC - 1 mAdc, V CE = 10 Vdc, f * 1 kHz> 2N4402 

2N4403 

11 

h fe 

30 

60 

250 

500 

— 

Output Admittance 

Gc = 1 mAdc, V CE = 10 Vdc, f = 1 kHz) 

14 

hoe 

1.0 

100 

/imhos 


SWITCHING CHARACTERISTICS 


Delay Time 

V CC - 30 Vdc, V BE(off) = 2 Vdc, 

1, 3 

*d 

— 

15 

ns 

Rise Time 

1q = 150 mAdc, Ig^ = 15 mAdc 

1, 5, 6 

«r 

— 

20 

ns 

Storage Time 

V CC = 30 vdc » *C * 150 mAdc. 

2, 7 

*8 

— 

225 

ns 

Fall Time 

%1 * X B2 = 15 “Ad 0 

2, 8 

*f 

— 

30 

ns 


(1) Pulse Test: Pulse Width * 300 jia , Duty Cycle £ 2% 
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V STORAGE TIME (ns) t, TIME (ns) CAPACITANCE (pF) 


2N4402,2N4403 (continued) 


TRANSIENT CHARACTERISTICS 

25°C 100°C 


FIGURE 3 -CAPACITANCES 


0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

REVERSE VOLTAGE (VOLTS) 


FIGURE 4 -CHARGE DATA 
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FIGURE 5 -TURN-ON TIME 
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FIGURE 6 -RISE TIME 
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FIGURE 7 -STORAGE TIME 


FIGURE 8 -FALL TIME 
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„ VOLTAGE FEEDBACK RATIO (X10" 4 ) h fe , CURRENT GAIN NF, NOISE FIGURE (dB) 


2N4402, 2 N 44 03 (continued) 



h PARAMETERS 

V CE = 10 Vdc, f = 1 kHz, T a = 25 °C 

This group of graphs illustrates the relationship be- 2N4402 and 2N4403 lines, and the same units 
tween hf, and other "h” parameters for this series were used to develop the correspondingly- 

of transistors. To obtain these curves, a high-gain numbered curves on each graph, 

and a low-gain unit were selected from both the 


FIGURE 1 1 - CURRENT GAIN FIGURE 12 - INPUT IMPEDANCE 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

l c , COLLECTOR CURRENT (mAdc) | c , COLLECTOR CURRENT (mAdc) 


FIGURE 13 -VOLTAGE FEEDBACK RATIO FIGURE 14 -OUTPUT ADMITTANCE 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

lc, COLLECTOR CURRENT (mAdc) l c , COLLECTOR CURRENT (mAdc) 
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VOLTAGE (VOLTS) V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) h FE , NORMALIZED CURRENT GAIN 


2N4402 ; 2N4403 (continued) 


STATIC CHARACTERISTICS 


FIGURE 15 -DC CURRENT GAIN 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 

l c . COLLECTOR CURRENT (mA) 



0.005 0.01 0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

l B , BASE CURRENT (mA) 




0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 

l c COLLECTOR CURRENT (mA) l C - COLLECTOR CURRENT (mA) 
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r(t), NORMALIZED EFFECTIVE TRANSIENT THERMAL RESISTANCE >c COLLECTOR CURRENT (A) 


2N4402, 2N4403 (continued) 


RATINGS AND THERMAL DATA 
FIGURE 19 -ACTIVE-REGION SAFE OPERATING AREA 



The safe operating area curves indicate 
Ic-Vct limits of the transistor that must be 
observed for reliable operation. Collector 
load lines for specific circuits must fall be- 
low the limits indicated by the applicable 
curve. 

The data of Figure 19 is based upon 
T J(P n = 135*C; T c is variable depending 
upon conditions. Pulse curves are valid 
for duty cycles to 10% provided T JW < 
135*C. T J|pk| may be calculated from the 
data in Figure 20. At high case tempera- 
tures, thermal limitations will reduce the 
power that can be handled to values less 
than the limitations imposed by the sec- 
ondary breakdown. 


FIGURE 20 -THERMAL RESPONSE 



t TIME (ms) 


DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 


FIGURE A 



DUTY CYCLE 0 = t x f = ■£ 
PEAK PULSE POWER = P P 


A train of periodical power pulses can be represented 
by the model as shown in Figure A. Using the 
model and the device thermal response, the nor- 
malized effective transient thermal resistance of 
Figure 20 was calculated for various duty cycles. 

To find 0jc(t), multiply the value obtained from Figure 20 by the 
steady state value 0jc(°°). 

Example: 

The 2N4402 is dissipating 2.0 watts under the following conditions: 
ti = 1.0 ms, tp = 5.0 ms. (D = 0:2) 

Using Figure 20, at a pulse width of 1.0 ms and D = 0.2, the reading 
of r (t) is 0.27. 

The peak rise in junction temperature is therefore 

AT = r(t) X P P X 0 JC («) = 0.27 X 2000 X 0. 137 = 74.0*C 
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2n4404 (SILICON) 


PNP silicon annular transistors designed for general- 
purpose amplifier and switching applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector -Emitter Voltage 

V 

CEO 

80 

Vdc 

Collector-Base Voltage 

V CB 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 

J C 

1.0 

Adc 

Total Device Dissipation @ = 25°C 

P D 

1.25 

Watts 

Derate above 25°C 


7. 15 

mW/°C 

Total Device Dissipation @ T^ = 25°C 

P D 

7.0 

Watts 

Derate above 25°C 


40 

mW/’C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +200 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to 

Case 

S JC 

25 

°c/w 

Thermal Resistance, Junction to 
Ambient (Lead Length l/4 ,f ) 

9 ja 

140 

°c/w 


2n4405 



SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 1 - TURN-ON FIGURE 2 - TURN-OFF 

-30 V 



To obtain data for curves, voltage levels are approximately as shown, Rg and Rq are varied. 
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2N4404, 2N4405 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector -Emitter Breakdown Voltage'll 
(I c = 10 mAdc, I B = 0) 

bv ceo 

80 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 10 pAdc, I E = 0) 

bv cbo 

80 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E - 10 pAdc, I c = 0) 

bv ebo 

5.0 

- 

Vdc 

Collector Cutoff Current 
< V CB = 60Vdc ’ I E=°) 

! cbo 

- 

25 

nAdc 

Emitter Cutoff Current 
(V BE = 3.0 Vdc, I c = 0) 

! ebo 

- 

25 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 





_ 

(I c = 0. 1 mAdc, V CE = 1. 0 Vdc) 

2N4404 

FE 

30 

- 


2N4405 


75 

- 


(I c = 10 mAdc, V CE = 1.0 Vdc) 

2N4404 


40 

- 


2N4405 


100 

- 


(I c - 150 mAdc, V CE = 1. 0 Vdc) Ml 

2N4404 


40 

120 


2N4405 


100 

300 


(I c = 500 mAdc, V CE = 1.0 Vdc) M) 

2N4404 


15 

- 


2N4405 


25 

- 


Collector-Emitter Saturation Voltage 


V CE(sat) 



Vdc 

(I c - 10 mAdc, I B = 1. 0 mAdc) 


- 

0. 15 


(I c = 150 mAdc, Ig = 15 mAdc) W 



- 

0.2 


(I^ = 500 mAdc, Ig = 50 mAdc) HI 



- 

0.5 


Base- Emitter Saturation Voltage 


V BE(sat) 



Vdc 

(I c - 10 mAdc, 1=1.0 mAdc) 


- 

0.8 


(I c = 500 mAdc, Ig - 50 mAdc) <*> 



0.85 

1.2 


Base-Emitter On Voltage* 


V BE(on) 



Vdc 

(I c = 150 mAdc, V CE = 1. 0 Vdc) 


- 

0.9 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c = 50 mAdc, V CE = 20 Vdc, f = 100 MHz) 


200 

600 

MHz 

Collector -Base Capacitance 
(V CB = 10 Vdc, I E = 0, f = 1.0 MHz) 

C cb 

- 

10 

pF 

Emitter -Base Capacitance 
(V BE = 0. 5 Vdc, I = 0, f = 1. 0 MHz) 

C eb 

- 

75 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

<V CC =30VdC - V BE(o«) =2 - 0VdC ' 

‘c 

- 

15 

ns 

Rise Time 

1^ = 500 mAdc, Ig^ = 50 mAdc) (Figure 1) 

V 


25 

ns 

Storage Time 

(V cc = 30 Vdc, I c = 500 mAdc, 

‘s 


175 

ns 

Fall Time 

X B1 = ! B2 = 50 mAdc ) (Figure 2) 

•f 

- 

35 

ns 


01 Pulse Test: Pulse Width l 300 jjs, Duty Cycle 1 2.0%. 
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CAPACITANCE (pF) 


2N4404, 2N4405 (continued) 


TRANSIENT CHARACTERISTICS 
25 °C 100°C 


FIGURE 3 - CAPACITANCES 


100°C 

FIGURE 4 - CHARGE DATA 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 

REVERSE VOLTAGE (VOLTS) 
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10 20 30 50 100 200 31 

l c , COLLECTOR CURRENT (mA) 


FIGURE 5 -DELAY TIME 


FIGURE 6 -RISE TIME 
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l c , COLLECTOR CURRENT (mA) 
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10 
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500 700 1000 

FIGURE 7 - STORAGE TIME 



FIGURE 8- FALL TIME 
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2N4404, 2N4405 (continued) 


SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE 
V CE = 10 Vdc, T a = 25°C 

FIGURE 9 - FREQUENCY EFFECTS FIGURE 10 - SOURCE RESISTANCE EFFECTS 




0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 . 50 100 200 300 500 1.0k 2.0k 3.0k 5.0k 10k 20k 30k 50k 

f, FREQUENCY (kHz) R $ , SOURCE RESISTANCE (ohms) 


h PARAMETERS 

V CE = 10 Vdc, f = 1 .0 kHz, T A = 25°C 

This group of graphs illustrates the relationship of the "h" parameters for this series of transistors. To obtain these 
curves, 4 units were selected and identified by number — the same units were used to develop curves on each graph. 

FIGURE 11 - CURRENT GAIN FIGURE 12 - INPUT IMPEDANCE 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

1C, COLLECTOR CURRENT (mA) 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

1C, COLLECTOR CURRENT (mA) 


FIGURE 13 - VOLTAGE FEEDBACK RATIO 


FIGURE 14 - OUTPUT ADMITTANCE 
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2N4404, 2N4405 (continued) 


STATIC CHARACTERISTICS 
FIGURE 15 - DC CURRENT GAIN 



r(tiD), NORMALIZED EFFECTIVE TRANSIENT 
THERMAL RESISTANCE 


2N4404, 2N4405 (continued) 


RATINGS AND THERMAL DATA 

FIGURE 19 - SAFE OPERATING AREA 
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V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The safe operating area curves indicate Iq-Vq E 
limits of the transistor that must be observed for re- 
liable operation. Collector load lines for specific cir- 
cuits must fall below the limits indicated by the ap- 
plicable curve. 

The data of Figure 19 is based upon T^p^ = 
200 °C; Tq is variable depending upon conditions. 
Pulse curves are valid for duty cycles to 10% pro- 
vided Tj^pj^ < 200 °C. Tj(p|^ may be calculated 
from the data in Figure 20. At high case tempera- 
tures, thermal limitations will reduce the power that 
can be handled to values less than the limitations im- 
posed by second breakdown. 


FIGURE 20 - THERMAL RESPONSE 



t, TIME (ms) 


DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 


FIGURE A 


I I I 

—I *1 F— I 

I I I 

1- 1.0/f -I 

DUTY CYCLE D = t, f = — 

' v 

PEAK PULSE POWER = P p 


A train of periodical power pulses can be represented by the model as shown in Fig- 
ure A. Using the model and the device thermal response, the normalized effective 
transient thermal resistance of Figure 20 was calculated for various duty cycles. 

To find 0ir(t), multiply the value obtained from Figure 20 by the steady state value 

0 JC M. 

Example: 

If the 2N4404 is dissipating 8.0 watts peak under the following conditions: t ^ = 1.0 ms, 
t p * 5.0 ms, (D = 0.2), find AT. 

Using Figure 20 at a pulse width of 1.0 ms and D = 0.2, the reading of r(f|D) is 0.4. 

The peak rise in junction temperature above case temperature is, therefore, AT = r(f|D) 
X P p x 0 JC (°°) = 0.4 X 8.0 X 25 = 80 "C. 
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2n4406 (SILICON) 
2n4407 


11 \ CASE 79 

« (TO-39) 


PNP silicon annular transistors designed for general- 
purpose amplifier and switching applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V 

CEO 

80 

Vdc 

Collector-Base Voltage 

V CB 

80 

Vdc 

Emitter- Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 

l c 

2.0 

Adc 

Total Device Dissipation @ = 25°C 

P D 

1.25 

Watts 

Derate above 25°C 


7.15 

mW/°C 

Total Device Dissipation @ T^, = 25°C 

P D 

8.75 

Watts 

Derate above 25°C 


50 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to 

Case 

9 JC 

20 

°c/w 

Thermal Resistance, Junction to 
Ambient 

°JA 

140 

°c/w 


FIGURE 1 - THERMAL RESPONSE 



t, TIME OR PULSE WIDTH (ms) 
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2N4406, 2N4407 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage HI 
(I c = 10 mAdc, I B = 0) 

bv ceo 

80 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 10 MAdc, I £ = 0) 

bv cbo 

80 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 10 MAdc, I c = 0) 

bv ebo 

5.0 

- 

Vdc 

Collector Cutoff Current 
(V CB - 60 Vdc, I E = 0) 

! cbo 

- 

25 

nAdc 

Emitter Cutoff Current 
(V BE = 3.0 Vdc, I c = 0) 

X EBO 

- 

25 

nAdc 


ON CHARACTERISTICS 


DC Current Gain ^ 


h FE 



- 

(L, - 10 mAdc, - 1. 0 Vdc) 

U U JCi 

2N4406 

30 

- 


2N4407 


80 

- 


(I c - 150 mAdc, V CE = 1. 0 Vdc) 

2N4406 


25 

100 


2N440? 


75 

225 


(I c - 500 mAdc, V CE =1.0 Vdc) 

2N4406 


20 

- 


2N4407 


35 

- 


(I c = 1.0 Adc, V CE = 1.0 Vdc) 

2N4406 


10 

- 


2N4407 


15 

- 


(I c = 1.5 Adc, V CE = 5.0 Vdc) 

2N4406, 2N4407 


10 

- 


Collector-Emitter Saturation Voltage 1 Ml 


V CE(sat) 



Vdc 

(1^ = 150 mAdc, Ig = 15 mAdc) 



0.2 


(1^ = 500 mAdc, Ig = 50 mAdc) 



- 

0.4 


(I c =1.0 Adc, Ig = 100 mAdc) 



- 

0.7 


(I c = 1.5 Adc, Ig = 150 mAdc) 



- 

1.5 


Base-Emitter Saturation Voltage HI 


V BE (sat) 



Vdc 

(I c = 150 mAdc, Ig = 15 mAdc) 


- 

0.9 


(I c = 1.0 Adc, Ig = 100 mAdc) 



0.9 

1.3 


U c = 1. 5 Adc, Ig = 150 mAdc) 



- 

1.5 


Base-Emitter On Voltage HI 


^BE(on) 



Vdc 

(I c = 500 mAdc, V CE = 1.0 Vdc) 



1.0 



DYNAMIC CHARACTERISTICS 


Current- Gain— Bandwidth Product 
(I c = 50 mAdc, V CE = 20 Vdc, f = 100 MHz) 

f T 

150 

750 

MHz 

Collector -Base Capacitance 
(V CB = 10 Vdc, I £ = 0, f = 1. 0 MHz) 

C cb 

- 

15 

pF 

Collector-Emitter Capacitance 
( V Be = 0. 5 Vdc, 1=0, f = 1. 0 MHz) 

C eb 

- 

160 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(V cc =30Vdc, V BE(o£f) =2.0Vdc, 

‘ d 

- 

15 

ns 

Rise Time 

u = 1. 0 Adc, = 100 mAdc) (Figure 11) 

U Dl 

‘r 

- 

60 

ns 

Storage Time 

(V cc = 30 Vdc, I c = 1.0 Adc, 

l s 

- 

175 

ns 

Fall Time 

l Bl = l B2 * 100 mAdc ) (Figure 12) 

l f 

- 

50 

ns 


0) Pulse Test: Pulse Width =£. 300 (is, Duty Cycle s 2.0%. 
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hpE. NORMALIZED CURRENT GAIN 


2N4406, 2N4407 (continued) 


STATIC CHARACTERISTICS 



FIGURE 4 - "ON" VOLTAGES 


FIGURE 5 - TEMPERATURE COEFFICIENTS 







t, TIME (ns) CAPACITANCE (pF) 


2N4406, 2N4407 (continued) 


TRANSIENT CHARACTERISTICS 
25°C 100°C 


FIGURE 7 - CAPACITANCES 


FIGURE 8 - CHARGE DATA 



FIGURE 9 - TURN-ON TIME 


FIGURE 10 - TURN-OFF TIME 




PU LSE Wl DTH = 200 ns 
RISE TIME <2.0 ns 
DUTY CYCLE < 2.0% 
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2N4409 (SILICON) 
2n4410 



NPN silicon epitaxial transistors designed for 
driving neon display tubes. Features one-piece, injec- 
tion-molded plastic package for high reliability. 


MAXIMUM RATINGS (Ta - 25°C unless otherwise noted) 


Rating 

Symbol 

2N4409 

2N4410 

Unit 

Collector- Emitter Voltage 

v 

CEO 

50 

80 

Vdc 

Collector- Base Voltage 

V CB 

80 

120 

Vdc 

Emitter- Base Voltage 

V EB 

5.0 

5.0 

Vdc 

Collector Current - Continuous 

l c 

250 

mAdc 

Total Device Dissipation § T. = 25®C 
Derate above 25° C 

P D 

310 

2.81 

mW 

mW/*C 

Operating & Storage Junction 

Temperature Range 

T J’ T stg 

-55 to +135 

°c 


THERMAL RESISTANCE: 0 iA = 0.357*C/mW 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector- Emitter Breakdown Voltage 

2N4409 

bv ceo 

50 

— 

Vdc 

(I c = 1 mAdc, Ig = 0) 

2N4410 

80 

— 


Collector- Emitter Breakdown Voltage 

2N4409 

bv cex 

80 

_ 

Vdc 

( I c = 500 MAdc, V BB = 5 Vdc, R BE = 8, 2 k ohms) 

2N4410 

120 

— 


Collector-Base Breakdown Voltage 

2N4409 

bv cbo 

80 


Vdc 

(I c = 10MAdc, I c = 0) 

2N4410 

120 

— 


Emitter-Base Breakdown Voltage 


bv ebo 



Vdc 

(I E = 10 MAdc, I c = 0) 


5.0 

— 


Collector Cutoff Current 
(V CB = 60Vdc, 1,-0) 

2N4409 

^BO 



0.01 

/iAdc 

(V CB = 60 Vdc, 1,-0, T A = 100'C) 

2N4409 


— 

1.0 


(V CB - 10° Vdc, 1,-0) 

2N4410 


— 

0.01 


(V CB = 100 Vdc, I, = 0, T A = 100*C) 

2N4410 


— 

1.0 


Emitter Cutoff Current 


^BO 



MAdc 

(V be = 4 Vdc, I c = 0) 


— 

0.1 



ON CHARACTERISTICS 


DC Current Gain 

(I c = 1 mAdc, V CE = 1 Vdc) 

(I c = 10 mAdc, V CE = 1 Vdc) 

h FE 

60 

60 

400 


Collector- Emitter Saturation Voltage 
(1^ = 1 mAdc, Ig = 0, 1 mAdc) 

V CE(sat) 

— 

0.2 

Vdc 

Base- Emitter Saturation Voltage 
(1^, = 1 mAdc, Ig *0.1 mAdc) 

V BE(sat) 

— 

0.8 

Vdc 

Base- Emitter On Voltage 
(I c = 1 mAdc, V CE = 5 Vdc) 

^BE(on) 

— 

0.8 

Vdc 
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(VOLTS) h K , CURRENT GAIN 


2N4409, 2N4410 (continued) 


DYNAMIC CHARACTERISTICS 



f T 

60 

300 

MHz 

Collector- Base Capacitance 
(Vq b = 10 Vdc, Ig ■ O, f * 100 kHz, emitter guarded) 

C cb 

— 

12 

pF 

Emitter- Base Capacitance 

(Vgg « 0. 5 Vdc, I c - O, f * 100 kHz, collector guarded) 

C eb 

— 

50 

pF 


TYPICAL DC CHARACTERISTICS 


FIGURE 1- CURRENT GAIN 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

lc. COLLECTOR CURRENT (mA) 


FIGURE 2 - SATURATION VOLTAGES 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

lc COLLECTOR CURRENT (mA) 


FIGURE 4 -CUTOFF CURRENT 



25 50 75 100 125 

Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 3 - TEMPERATURE COEFFICIENTS 



0.2 0.5 1.0 2.0 5.0 10 20 50 100 

lc COLLECTOR CURRENT (mA) 

FIGURE 5 - TYPICAL NIXIE® DRIVER APPLICATION 


-HB* (170 V to 300 V) 
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2N4416 (SILICON) 


Silicon N-channel junction field-effect transistor 
designed for VHF/UHF amplifier applications. 


CASE 20(1) 

(TO-72) 


MAXIMUM RATINGS (T a = 25 °C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V 

V DS 

30 

Vdc 

Drain-Gate Voltage 

V 

V DG 

30 

Vdc 

Gate-Source Voltage 

V GS 

30 

Vdc 

Gate Current 

X G 

10 

mAdc 

Total Device Dissipation @ @ 25°C 

P D 

300 

mW 

Derate above 25°C 


1.7 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 


ELECTRICAL CHARACTERISTICS (T a = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate -Source Breakdown Voltage 
(Iq = -1. 0 /xAdc, V DS = 0) 

V (BR)GSS 

30 

- 

Vdc 

Gate -Source Cutoff Voltage 
(I D =1-0 nAdc, V Dg = 15 Vdc) 

V 

GS(off) 

- 

6.0 

Vdc 

Gate-Source Voltage 
(I D = 0. 5 mAdc, V Dg = 15 Vdc) 

V GS 

1.0 

5.5 

Vdc 

Gate-Source Forward Voltage 
(I G = 1.0 mAdc, V Dg = 0) 

V GS(f) 

- 

1.0 

Vdc 

Gate Reverse Current 
(V GS = -20 Vdc, V DS = 0) 

J GSS 

- 

100 

pAdc 

(V^ = -20 Vdc, V Dg = 0, T A = +150°C) 


- 

200 



ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current* 

I * 
DSS 



mAdc 

(V DS = 15 Vdc, V GS = 0) 

5.0 

15 
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2N4416 (continued) 


SMALL-SIGNAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Forward Transfer Admittance 
(V Dg = 15 Vdc, V QS = 0, f = 1. 0 kHz) 

l y fs 1 

4500 

7500 

/i mhos 

Real Part of Forward Transconductance 
( V Ds = 15 Vdc, V GS = 0, f = 400 MHz) 

RE(y, s ) 

4000 

- 

pmhos 

Real Part of Input Conductance 
(V DS = 15 Vdc ’ V GS = °> f = 100 MHz) 


RE(y is > 

_ 

100 

pmhos 

( V Ds = 15 Vdc* V GS = 0, f = 400 MHz) 



- 

1000 


Output Admittance 

(V DS = 15 Vdc, V QS = 0, f = 1. 0 kHz) 

l y osl 

- 

50 

/imhos 

Real Part of Output Conductance 
(V DS = 15 Vdc, V GS = 0, f = 100 MHz) 


RE < y os> 

_ 

75 

iumhos 

( V Ds = 15 Vdc, V GS = 0, f = 400 MHz) 



- 

100 


Imaginary Part of Input Susceptance 
( V Ds = I 5 Vdc, V GS = 0, f = 100 MHz) 


IM(y is ) 

_ 

2500 

pmhos 

(V™ = 15 Vdc, = 0, f = 400 MHz) 

Uo uo 



- 

10, 000 


Imaginary Part of Output Susceptance 
( V Ds = I 5 Vdc, V Gg = 0, f = 100 MHz) 


IM <y os > 

_ 

1000 

pmhos 

( V Ds = 15 Vdc, V GS = 0, f = 400 MHz) 



- 

4000 


Input Capacitance 

(V Dg = 15 Vdc, V QS = 0, f = 1. 0 MHz) 

C iss 

- 

4.0 

pF 

Common-Source Output Capacitance 
(V DS = 15 Vdc, V Gg = 0, f = 1. 0 MHz) 

C 

osp 

- 

2. 0 

pF 

Reverse Transfer Capacitance 
(V Dg = 15 Vdc, V Gg = 0, f = 1. 0 MHz) 

C 

rss 

- 

0. 8 

pF 

Common-Source Spot Noise Figure (Figure 1) 

(V Dg = 15 Vdc, I D = 5. 0 mAdc, R g -1000 ohms, f = 100 MHz) 

NF 

_ 

2.0 

dB 

(V Dg =15 Vdc, Ij^ =5.0 mAdc, R g = 1000 ohms, f = 400 MHz) 


- 

4.0 


Small-Signal Power Gain 
( V Ds = 15 Vdc, I D = 5.0 mAdc, f = 100 MHz) 

(Figure 1) 

G 

ps 

18 

_ 

dB 

( V Ds = 15 Vdc, I D = 5. 0 mAdc, f = 400 MHz) 



10 

- 



(t) Pulse Test: Pulse Width = 300 /is, Duty Cycle = 1. 0%. 


FIGURE 1 - 100 MHz & 400 MHz NEUTRALIZED AMPLIFIER 



Reference 

Designation 

VALUE | 

100 MHZ 

400 MHz 

Cl 

7.0 pF 

1.8 pF 

c 2 

1000 pF 

17 pF 

C 3 

3.0 pF 

1.0 pF 

C 4 

1-12 pF 

0.8-8. 0 pF 

C 5 

1-12 pF 

0.8-8. 0 pF 

c 6 

0.0015 pF 

0.001 pF 

C 7 

0.0015 pF 

0.001 pF 

L 1 

3.0 pH* 

0.2 pH** 

l 2 

0.15 pH* 

0.03 pH** 

L 3 

0.14pH* 

0.022 pH** 


NOTE: The noise source is a hot-cold body 
(AIL type 70 or equivalent) with a 
test receiver ( Al L type 1 36 or 
equivalent). 


* 17 turns, (approx. - depends upon circuit layout) AWG #28 

enameled copper wire, close wound on 9/32" ceramic coil 
form. Tuning provided by a powdered iron slug. 

L 2 4 1/2 turns, AWG #18 enameled copper wire, 5/16" long, 3/8" 
I.D. (AIR CORE). 

Lj 3 1/2 turns, AWG #18 enameled copper wire, 1/4" long, 3/8" 
I.D. (AIR CORE). 


** 6 turns, (approx. - depends upon circuit layout) AWG #24 

enameled copper wire, close wound on 7/32" ceramic coil 
form. Tuning provided by an aluminum slug. 

L 2 1 turn, AWG #16 enameled copper wire, 3/8" I.D. (AIR 
CORE). 

L 3 1/2 turn, AWG #16 enameled copper wire, 1/4" I.D. (AIR 
CORE). 
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2n4427 (SILICON) 


NPN SILICON RF POWER TRANSISTOR 

. . . designed for amplifier, frequency multiplier, or oscillator 
applications in military and industrial equipment. Suitable for use 
as output driver or pre-driver stages in VHF and UHF equipment. 

• Current-Gain— Bandwidth Product - 

fj = 500 MHz (Min) @ Iq = 50 mAdc 

• Power Gain — 

G pe = 10 dB (Min) @ Vqe = 12 Vdc 

• 1 Watt Minimum Power Output @ f = 175 MHz 

• Multiple-Emitter Construction for Excellent High-Frequency 

Performance 


* MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

20 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

2.0 

Vdc 

Collector Current — Continuous 

•c 

400 

mAdc 

Base Current — Continuous 

! b 

400 

mAdc 

Total Device Dissipation @ = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 

5.71 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

3.5 

Watts 

Derate above 25°C 


20 

mW/°C 

Storage Temperature Range 

[ T stg 

-65 to + 200 

°C 


* Indicates JE DEC Registered Data 

** Motorola guarantees this data in additon to JE DEC registered Data 



50 70 100 150 200 300 

f, FREQUENCY (MHz) 


NPN SILICON 
RF POWER 
TRANSISTOR 



0.350 

0.370 


DIA — 


0,009 

0.125 


0,240 

0.260 


0.016 

0.019 


dia-H 
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2N4427 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


| Characteristic | Symbol [ Min | Max | Unit 

* OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(IC = 5.0 mAdc, I B = 0) 

VcEO(sus) 

20 

_ 

Vdc 

Collector-Emitter Sustaining Voltage 

v CER(sus) 



Vdc 

(1C = 5.0 mAdc, R BE = 10 ohms) 


40 

- 


Collector Cutoff Current 

! CEO 



mAdc 

(V CE = 12 Vdc, lg = 0) 


- 

0.02 


Collector Cutoff Current 

•CEV 



mAdc 

(V C e = 40 Vdc, V BE = -1.5 Vdc) 


- 

0.1 


(V CE = 12 Vdc, V BE = -1.5 Vdc, T C = +150°C) 


- 

5.0 


Emitter Cutoff Current 

'EBO 



mAdc 

(V EB = 2.0 Vdc, l C = 0) 


- 

0.1 



*ON CHARACTERISTICS 


DC Current Gain 
(lC = 100 mAdc, V C E = 5.0 Vdc) 

(lC = 360 mAdc, V CE = 5.0 Vdc) 

h FE 

10 

5.0 

200 

- 

Collector-Emitter Saturation Voltage 
(l C =100 mAdc, l B = 20 mAdc) 

VCE(sat) 

_ 

0.5 

Vdc 


*DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 50 mAdc, V CE = 15 Vdc, f = 200 MHz) 

fT 

500 

_ 

MHz 

Output Capacitance 
(V CB = 12 Vdc, l E = 0, f = 1.0 MHz) 

c ob 

_ 

4.0 

pF 


FUNCTIONAL TEST 


*Power Input (Figure 1) 

(P ou t = 1.0 W, Z S = 50 Ohms, V C C = 12 Vdc, f = 175 MHz) 

p in 


100 

mW 

Common-Emitter Amplifier Power Gain 
(P in = 100 mW, Z s = 50 Ohms, V C C = 12 Vdc, f = 175 MHz) 

G pe 

10 

_ 

dB 

^Collector Efficiency (Figure 1) 

< p out= 10W, Z s = 50 Ohms, V cc = 12 Vdc, f= 175 MHz) 

T| 

50 

_ 

% 


'Indicates JE DEC Registered Data 


FIGURE 1 - 175 MHz RF AMPLIFIER CIRCUIT FOR POWER-OUTPUT TEST 


C3 



Cl, C2 


L3: 

2 turns No. 

C3, am 

04: 3-30 pF 


16 wire. 

C5: 

1,000 pF 


1/4" ID, 

06: 

0.01 juF 

L4: 

1/4" long 

LI: 

2 turns No. 

4 turns No. 


1 6 wire, 

3/16" ID, 

1/4" long 


3/8" ID, 
3/8" long 

L2: 

Ferrite choke, 

Q: 

2N4427 


emit; uiunt:, 

Z = 450 ohms 
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2n4428 (SILICON) 


NPN SILICON RF POWER TRANSISTOR 


. . . designed primarily for use in large signal VHF and UHF amplifier 
output stages in military and industrial communications applications. 


• High Power Output — 

Pout = 0.75 Watt with 10 dB Gain @ f = 500 MHz 


• High Current-Gain-Bandwidth Product - 
fy = 1000 MHz (Typ) @ \q = 50 mAdc 


• Multiple Emitter Construction for Excellent High Frequency 
Performance 


NPN SILICON 
RF POWER 
TRANSISTOR 


^MAXIMUM RATINGS 


Rating 

Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 
Base Current — Continuous 

Total Device Dissipation @T£ = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 


Symbol 

v CEO 

V CB 

V EB 

'C 

<B 

Pd 


Tj» T stg 


Value 

35 

55 


425 

150 

3.5 

20 

-65 to +200 


Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

Watts 

mW/°C 

°C _ 
















2N4428 (continued) 


*ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 

[ Characteristic \ Symbol | Min j Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l c = 20 mAdc, l B = 0) 

v CEO(sus) 

35 

— 


Vdc 

Collector-Emitter Sustaining Voltage 
(1 c = 20 mAdc, R = 1 0 ohms) 

v CER(sus) 

55 

— 


Vdc 

Collector Cutoff Current 
(Vqe = 55 Vdc, Vg£i = -1.5 Vdc) 

'CEX 

- 

- 

1.0 

mAdc 

Emitter Cutoff Current 
(V eb = 3.5 Vdc, l C = 0) 

>EBO 

~ 

— 

0.1 

mAdc 


ON CHARACTERISTICS 


DC Current Gain 

h FE 




- 

(Iq = 50 mAdc, Vc E = 5.0 Vdc) 


20 

- 

200 


(l c = 400 mAdc, V CE = 5.0 Vdc) 


5.0 

- 

- 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l C = 50 mAdc, V CE = 20 Vdc, f = 200 MHz) 

fT 

700 

1000 

- 

MHz 

Output Capacitance 
(V CB = 28 Vdc, l E = 0, f = 1 .0 MHz) 

c ob 

— 

1.2 

3.5 

pF 


FUNCTIONAL TEST 


Power Input (Figure 1) 

(P out = 750 mW, V CE = 28 Vdc, R S = 50 Ohms, 
f - 500 MHz) 

Fin 



75 

mW 

Collector Efficiency (Figure 1) 

(P out = 750 mW, V C E * 28 Vdc, R S = 50 Ohms, 
f - 500 MHz) 

V 

35 



% 


“indicates JEDEC Registered Data. 


FIGURE 2 - CURRENT-GAIN-BANDWIDTH PRODUCT 



0 20 40 60 80 100 


FIGURE 3 - OUTPUT POWER versus FREQUENCY 



250 300 350 400 450 500 


1C, COLLECTOR CURRENT (mA) 


f, FREQUENCY (MHz) 
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2n4441 (SILICON) 

thru 

2n4444 




PLASTIC THYRISTORS 

. . . designed for high-volume consumer phase-control applications 
such as motor speed, temperature, and light controls and for switch- 
ing applications in ignition and starting systems, voltage regulators, 
vending machines, and lamp drivers requiring: 

• Small, Rugged, Thermopad Construction - for Low Thermal 

Resistance, High Heat Dissipation, and Durability. 

• Practical Level Triggering and Holding Characterisitcs - 

IQT = 7.0 mA, Ih = 6.0 mA (Typ) @ 25°C 

• Low "On” Voltage — Vp = 1.0 Volt (Typ) @ 5.0 Amps@ 25°C 

• High Surge Current Rating — IjSM = 80 Amps 


MAXIMUM RATINGS (Tj = 100°C unless otherwise noted) 


PLASTIC SILICON 
CONTROLLED RECTIFIERS 

8.0 AMPERES RMS 
50 thru 600 VOLTS 


Rating 

Symbol 

Value 

Unit 

*Peak Reverse Blocking Voltage 

(Note 1) 2N4441 

2N4442 

2N4443 

2N4444 

Vrrm 

50 

200 

400 

600 

Volts 

*Non-Repetative Peak Reverse Blocking 
Voltage (t = 5.0 ms (max) duration) 
2N4441 

2N4442 

2N4443 

2N4444 

V RSM 

75 

300 

500 

700 

Volts 

•Forward Current RMS 
(All Conduction Angles) 

'T(RMS) 

8.0 

Amps 

•Peak Forward Surge Current 

(1/2 cycle, 60 Hz) 

>TSM 

80 

Amps 

Circuit Fusing Considerations 
(Tj = -40 to +100°C; 
t = 1.0 to 8.3 ms) 

|2 t 

25 

A 2 s 

•Peak Gate Power 

P GM 

5.0 

Watts 

•Average Gate Power 

P G(AV) 

0.5 

Watt 

•Peak Gate Current 

•gm 

2.0 

Amps 

•Peak Gate Voltage 

V GM 

10 

Volts 

•Operating Junction Temperature 

Range 

T) 

-40 to +100 

°C 

•Storage Temperature Range 

T stg 

-40 to +150 

°C 

Mounting Torque (6-32 screw) 

(Note 2) 


8.0 

in. lb 

THERMAL CHARACTERISITCS 

Characteristic 

Symbol 

Typ 

Max 

Unit 

•Thermal Resistance, Junction 
to Case 

R0JC 

- 

2.5 

°C/W 

Thermal Resistance Junction 
to Ambient 

R0JA 

40 

- 

°c/w 

•Indicates JE DEC Registered Data. 




HEAT SINK 
CONTACT AREA 
(BOTTOM) 
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2N4441 thru 2N4444 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

*Peak Forward Blocking Voltage 

V DRM 




Volts 

(Tj = 100°C) Note 1 2N4441 


50 

- 

- 


2N4442 


200 

- 

- 


2N4443 


400 

- 

- 


2N4444 


600 




Peak Forward Blocking Current 

•drm 




mA 

(Rated Vqrm @ Tj = 100°C, gate open) 


- 

- 

2.0 


Peak Reverse Blocking Current 





mA 

(Rated Vqrm @ Tj = 100°C, gate open) 


- 

- 

2.0 


Gate Trigger Current (Continuous dc) 

>GT 




mA 

(Anode Voltage - 7.0 Vdc, R|_ = 100 ohms) Tc = 25°C 


- 

7.0 

30 


*T C = -40°C 


- 

- 

60 


Gate Trigger Voltage (Continuous dc) 

v gt 




Volts 

(Anode Voltage = 7.0 Vdc, R L = 100 ohms) T c = 25°C 


- 

0.7 5 

1.5 


*(Anode Voltage = 7.0 Vdc, R|_ = 100 ohms) Tc = -40°C 



- 

2.5 


*(Anode Voltage = Rated V F OM- R L = 100 ohms) Tj = 100°C 


0.2 

- 

- 


Forward ''On'' Voltage 

V T 




Volts 

(Ip = 5.0 A peak) 


- 

1.0 

1.5 


*(I F = 15.7 A peak) 


- 

- 

2.0 


Holding Current 

«H 




mA 

(Anode Voltage = 7.0 Vdc, gate open) Tc = 25°C 


- 

6.0 

40 


*T C = -40°C 


- 

- 

70 


Turn-On Time 

ton 




/LIS 

(l F = 5.0 A, l G T = 20 mA) 


- 

1.0 



Turn-Off Time 

toff 




/us 

(l F = 5.0 A, l R = 5.0 A) 


- 

15 

- 


(Ip =5.0 A, l R = 5.0 A, Tj = 100°C) 


- 

20 

- 


Forward Voltage Application Rate 

dv/dt 




V/jus 

(Tj = 100°C) 


- 

50 

- 



•Indicates JE DEC Registered Data 


Ratings apply for zero or negative gate voltage but positive Note 2. 
gate voltage shall not be applied concurrently with a neg- 
ative potential on the anode. When checking forward or 
reverse blocking capability, thyristor devices should not 
be tested with a constant current source in a manner that 
the voltage applied exceeds the rated blocking voltage. 


Torque rating applies with use of torque washer (Shake- 
proof WD 19522 #6 or equivalent). Mounting torque in 
excess of 8 in. lbs. does not appreciably lower case-to-sink 
thermal resistance. Anode lead and heatsink contact pad 
are common. 

For soldering purposes (either terminal connection or de- 
vice mounting), soldering temperatures shall not exceed 
+225°C. 
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IGT, GATE TRIGGER CURRENT (mA) PEAK HALF SINE WAVE FORWARD CURRENT (AMP) 


2N4441 thru 2N4444 (continued) 


FIGURE 5 - MAXIMUM ALLOWABLE SURGE CURRENT FIGURE 6 - TYPICAL HOLDING CURRENT 




NUMBER OF CYCLES @ 60 Hz 


Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 7 - TYPICAL GATE TRIGGER CURRENT FIGURE 8 - TYPICAL GATE TRIGGER VOLTAGE 



-40 -20 0 20 40 60 80 100 -40 -20 0 20 40 60 80 100 

Tj, JUNCTION TEMPERATURE (°C) Tj, JUNCTION TEMPERATURE (°C) 


SELECTED THYRISTOR-TRIGGER APPLICATION NOTES 

AN-240 —SCR Power Control Fundamentals 
AN-290A -Mounting Procedure for, and Thermal Aspects of. 
Thermopad Plastic Power Devices 
AN-295 —Suppressing RF I in Thyristor Circuits 
AN-422 —Testers for Thyristors and Trigger Diodes 
AN-453 —Zero Point Switching Techniques 

To obtain copies of these notes list the AN number(s) 
on your company letterhead and send your request to: 

Technical Information Center 
Motorola Semiconductor Products, Inc. 

P.O. Box 20924 
Phoenix, Arizona 85036 
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2n4851 thru 2n4853 (SILICON) 


Silicon annular unijunction transistors designed for 
pulse and timing circuits, sensing circuits, and thy- 
ristor trigger circuits. 

CASE 22A 

(TO-18 Modified) 

Lead 3 connected to case 


MAXIMUM RATINGS (T a = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

RMS Power Dissipation* 

P * 

D 

300 

mW 

RMS Emitter Current 

I 

e 

50 

mA 

Peak-Pulse Emitter Current ** 

i ** 
e 

1. 5 

Amp 

Emitter Reverse Voltage 

V 

V B2E 

30 

Volts 

Interbase Voltage t 


35 

Volts 

Operating Junction Temperature Range 

t j 


°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


* Derate 3.0 mW/°C increase in ambient temperature. 

** Duty cycle s 1%, PRR = 10 PPS (see figure 6) 

| Based upon power dissipation at = 25°C 



FIGURE 1 - UNIJUNCTION TRANSISTOR FIGURE 2 - STATIC EMITTER 

SYMBOL AND NOMENCLATURE CHARACTERISTICS CURVES 




FIGURE 3— V obi TEST CIRCUIT 


Vi 
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2N4851 thru 2N4853 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25 *C unless otherwise noted) 


Characteristic 



mi 




Intrinsic Standoff Ratio* 

( v R9R l = 10 V) 2N4851 

2N4852, 2N4853 

4, 8 

n* 

; : ' , ■' 

■ 

— 

0.75 

0.85 

“ ' * 

Interbase Resistance 

< V B2B1 = 30V > V 0) 

11, 12 

r bb 

B 

— 

9. 1 

k ohms 

Interbase Resistance Temperature Coefficient 
( V B2B1 = 3 - 0 v » ! E = °> t A = ~ 65 to + 125°C) 

12 

aR BB 

0.2 

— 

0.8 

%/°c 

Emitter Saturation Voltage** 

<V B2B1 = 10V > I E = 50mA > 


v EBl(sat) 

— 

2.5 

— 


Modulated Interbase Current 
< V B2B1 ’ 10 V > l£ ‘ 50 mA > 


^2 (mod) 

— 

15 

— 


Emitter Reverse Current 

(V R9 „ = 30 V, I R1 = 0) 2N4851, 2N4852 

B2E B1 2N4853 

7 

X EB20 

— 

__ 



Peak-Point Emitter Current 

(Vrjom = 25 v ) 2N4851, 2N4852 

B2B1 2N4853 

9, 10 

X P 

— 

= 


HA 

Valley-Point Current** 

(Vnom = 20 V, R no = 100 ohms) 2N4851 

B2B1 32 2N4852 

2N4853 

13, 14 

V* 

2.0 

4.0 

6.0 

— 

- 

mA 

Base-One Peak Pulse Voltage 2N4851 

2N4852 

2N4853 

3, 17 

V OBl 

3.0 

5.0 

6.0 

ill 



Volts 

Maximum Frequency of Oscillation 

5 

^(max) 

1.0 

1.25 

— 

MHz 


* Intrinsic standoff ratio, is defined in terms of the peak-point voltage. Vp. by means of the equation: V p = 11 Vg2Bl + V F> where Vp is about 0.49 volt at 25°C @ 

Ip = 10 mA and decreases with temperature at about 2. 5 mV, °C. The test circuit is shown in Figure 4. Components Rj, Cj, and the UJT form a relaxation oscillator; 
the remaining circuitry serves as a peak-voltage detector. The forward drop of Diode Di compensates for Vp. To use, the "cal" button is pushed, and R_ is adjusted 
to make the current meter, Mj, read full scale. When the "cal" button is released, the value of ft is read directly from the meter, if full scale on the meter reads 1.0. 

** Use pulse techniques: PW ~ 300 /is, duty cycle S 2. 0% to avoid internal heating, which may result in erroneous readings. 


FI6URE4- r) TEST CIRCUIT 


FIGURE 5-f (max) TEST CIRCUIT 


FIGURE 6 -PRR TEST CIRCUIT 
AND WAVEFORM 


+10 v 



Ir^ 2.0 yuA @ Vr = 20 V 
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Rgg, INTERBASE RESISTANCE, NORMALIZED Ip, PEAK-POINT EMITTER CURRENT ( M A) '|B20. I EB2S- EMITTER REVERSE CURRENT ( M A) 


2N4851 thru 2N4853 (continued) 


TYPICAL CHARACTERISTICS 

FIGURE 7 - EMITTER REVERSE CURRENT FIGURE 8 - INTRINSIC STANDOFF RATIO 




PEAK F*OINT CURRENT 

FIGURE 9-EFFECT OF VOLTAGE FIGURE 10-EFFECT OF TEMPERATURE 




FIGURE 11 -EFFECT OF VOLTAGE 


INTERBASE RESISTANCE 

FIGURE 12 - EFFECT OF TEMPERATURE 


NORMALIZE 

0 @ 3.0 

V 







' Tj = 25°C 
Je-0 



























y 

7 








V 









> 

7 ^ 
















. 




























0 3.0 6.0 9.0 12 15 18 21 24 27 30 

V B2B1. INTERBASE VOLTAGE (VOLTS) 



2-826 








I v , VALLEY POINT CURRENT (mA) 


2N485T thru 2N4853 (continued) 



0.001 0.002 


0.02 0.05 0.1 0.2 0.5 

C v CIRCUIT CAPACITANCE. EMITTER TO GROUND („F) 
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2n4854 (SILICON) 
2n4855 


SILICON ANNULAR COMPLEMENTARY-PAIR 
DUAL TRANSISTORS 

. . . designed for high-speed switching circuits, DC to VHF amplifier 
applications and complementary circuitry. 

• Collector-Emitter Breakdown Voltage — 

BVcEO = 40 Vdc (Min) 

• All Leads Isolated Electrically for Design Flexibility 

• DC Current Gain Specified - 0.1 mAdc to 300 mAdc 

• High Current-Gain— Bandwidth Product — 

fj = 200 MHz (Min) 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.4 Vdc (Max) @ lc = 150 mAdc 

• NPN Transistor Similar to the 2N2218 or 2N2219 

• PNP Transistor Similar to the 2N2904 or 2N2905 


NPN-PNP 

COMPLEMENTARY 
SILICON TRANSISTORS 



MAXIMUM RATINGS (Each Side) 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Col lector- Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 

•c 

600 

mAdc 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

Operating Junction Temperature 

Tj 

+175 

°C 



One 

Both 




Side 

Sides 


Total Device Dissipation @ T & = 25°C 

PD 

300 

600 

mW 

Derate above 25°C 


2.0 

4.0 

mW/°C 

Total Device Dissipation @ Tq - 25°C 

Pd 

1.0 

2.0 

Watts 

Derate above 25°C 


6.67 

13.33 

mW/°C 



0.040 

MAX 


1 7 

Seating 
Plane 
0.016 
0.021 " 


0.165 

0.185 


0.500 

MIN 



0.034 

(Pins 4 and 8 Omitted) 

All Leads Electrically Isolated from Case 


CASE 654-02 
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2N4854, 2N4855 (continued) 


ELECTRICAL CHARACTERISTICS (Each Side) (T A = 25°C unless otherwise noted) 


| Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 

(l C = lOmAdc, l B = 0) 

bv C eo 

40 


Vdc 

Col lector- Base Breakdown Voltage 
(l c = tOjuAdc, l E = 0) 

bvcbo 

60 


Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 juAdc, l C = 0) 

bv EB o 

5.0 


Vdc 

Collector Cutoff Current 
(V CE = 50 Vdc, l B = 0) 

'CEO 


10 

nAdc 

Collector Cutoff Current 
(V C b = 50 Vdc, l E = 0, T A = 150°C) 

*CBO 


10 

juAdc 

Emitter Cutoff Current 
(V EB = 3.0 Vdc, l C = 0) 

'EBO 


10 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 


h FE 



- 

(l c = 0.1 mAdc, V CE = 10 Vdc) 

2N4854 


35 

- 


2N4855 


20 

- 


(l c = 1.0 mAdc, V CE - 10 Vdc) 

2N4854 


50 

- 


2N4855 


25 

- 


(l c = 10 mAdc, V CE = 10 Vdc) 

2N4854 


75 

- 


2N4855 


35 

- 


(l c = 150 mAdc, V CE = 10 Vdc)(1) 

2N4854 


100 

300 


2N4855 


40 

120 


(l C = 150 mAdc, V CE = 1.0 Vdc)d> 

2N4854 


50 

- 


2N4855 


20 

- 


(l C = 300 mAdc, V CE = 10 Vdc) 0) 

2N4854 


35 

- 


2N4855 


20 

- 


Collector-Emitter Saturation Voltage (D 


VCE(sat) 

- 

0.4 

Vdc 

(Iq = 150 mAdc, l B = 15 mAdc) 






Base-Emitter Saturation Voltage (1) 


v BE(sat) 

0.75 

1.2 


(l C = 150 mAdc, l B = 15 mAdc) 








SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 


f T 

200 

- 

MHz 

(l C = 20 mAdc, V CE = 10 Vdc, f = 100 MHz) 






Collector-Base Capacitance 


^cb 

- 

8.0 

pF 

(V CB = 10 Vdc, l E = 0, f = 1.0 MHz) 






Input Impedance 


h ie 



k ohms 

(l C = 1.0 mAdc, V C E = 10 Vdc, f = 1.0 kHz) 

2N4854 


1.5 

9.0 


2N4855 


0.75 

4.5 


Small-Signal Current Gain 


5fe 



- 

(l C = 1.0 mAdc, V C E = 10 Vdc, f = 1.0 kHz) 

2N4854 


60 



2N4855 


30 



Output Admittance 


h oe 




(l C = 1.0 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

2N4854 


- 

50 


2N4855 


- 

25 


Noise Figure 


NF 



dB 

(l C = 100 juAdc, V CE = 10 Vdc, R S = 1.0 k ohm, f= 1.0 kHz) 



- 

8.0 



SWITCHING CHARACTERISTICS 


Delay Time 

(V CC = 30 Vdc, V B E (off) = 0-5 Vdc, 

1(3 = 150 mAdc, Ibi = 15 mAdc) 

td 

- 

20 

ns 

Rise Time 

V 

- 

40 

ns 

Storage Time 

(Vcc = 30 Vdc ' 'C = 150 mAdc, 

'B1 = 'B2 = mAdc) 

t s 

- 


ns 

Fall Time 

tf 

- 

70 

ns 


(l)Pulse Test: Pulse Width ^ 300 jus, Duty Cycled. 0%. 
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2n4856, 

thru 

2n4861, 


A (SILICON) 

A 


N-CHANNEL JUNCTION FIELD-EFFECT 
TRANSISTORS 


Depletion Mode (Type A) symmetrical Field-Effect transistors 
designed for low-power switching and chopper applications. 

• Low Drain-Source “ON” Resistance — 

r ds(on) = 25 Ohms (Max) @ f = 1.0 kHz - 2N4856,A, 2N4859,A 

• Low Drain Cutoff Current - 

iD(off) = 250 pAdc (Max) @ Vqs = 15 Vdc 


"MAXIMUM RATINGS 







2N4856,A 

2N4859,A 


Rating 

Symbol 

2N4857,A 

2N4858,A 

2N4860,A 

2N4861,A 

Unit 

Drain-Gate Voltage 

V DG 

+40 

+30 

Vdc 

Drain-Source Voltage 

V DS 

+40 

+30 

Vdc 

Reverse Gate-Source Voltage 

V GSR 

-40 

-30 

Vdc 

Forward Gate Current 

*GF 

50 

mAdc 

Total Device Dissipation @T/\ = 25°C 

PD 

360 

mW 

Derate above 25°C 


2.4 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

* 1 ndicates JE DEC Registered Data. 






N-CHANNEL JUNCTION 
FIELD-EFFECT TRANSISTORS 
(Type A) 



FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

t r < 1.0 ns 


(2N4856.A, 2N4859.A) 464 

(2N4857.A, 2N4860.A) 953 

(2N4858,A, 2N4861,A) 1910 


+10 V 


tf< 1.0 n 


INPUT >- 


-Q — l to/ 

>50 


Y 


TEST CIRCUIT 



NOTES: a. The input waveforms are supplied by a generator with the following characteristics: 
Zout = 50 ohms, Duty Cycle 2.0%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: 
t r < 0.75 ns, Rj n > 1 .0 megohm, Cj n < 2.5 pF. 


2-830 




2N4856, A thru 2N4861, A (continued) 


^ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 


V (BR)GSS 



Vdc 

(l G = 1-OnAdc, V DS = 0) 

2N4856,A,2N4857,A,2N4858,A 


-40 

- 



2N4859,A,2N4860,A,2N4861,A 


-30 

- 


Gate-Source Cutoff Voltage 


v GS(off) 



Vdc 

(Vps = 15 Vdc, Ip = 0.5 nAdc) 

2N4856,A,2N4859,A 

-4.0 

-10 



2N4857,A,2N4860,A 


-2.0 

-6.0 



2N4858,A,2N4861,A 


-0.8 

-4.0 


Gate Reverse Current 


'GSS 




(V GS = -20 Vdc, V DS = 0) 

2N4856,A,2N4857,A,2N4858,A 


- 

0.25 

nAdc 

(V GS = -15Vdc, V DS = 0) 

2N4859,A,2N4860,A,2N4861,A 


- 

0.25 


(V GS = -20 Vdc, V DS = 0, T a = 1 50°C) 

2N4856,A,2N4857,A,2N4858,A 


- 

0.5 

juAdc 

(V GS = -15 Vdc, V DS = 0, T a = 1 50°C) 

2N4859,A,2N4860,A,2N4861,A 


- 

0.5 


Drain Cutoff Current 


'D(off) 




(V DS = 15 Vdc, Vqs = -10 Vdc) 



- 

0.25 

nAdc 

(Vqs = 15 Vdc, V GS - -10 Vdc, T A = 150°C) 



- 

0.5 

A Adc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current (Note 1) 

(V DS = 15 Vdc, V GS = 0) 

2N4856,A,2N4859,A 
2N4857,A,2N4860,A 
2N4858, A,2N486 1 ,A 

'DSS 

50 

20 

8.0 

100 

80 

mAdc 

Drain-Source "ON” Voltage 
(l D = 20 mAdc, V GS = 0) 

2N4856,A,2N4859,A 

v DS(on) 

_ 

0.75 

Vdc 

(Ip = 10 mAdc, V G g = 0) 

2N4857,A,2N4860,A 


- 

0.5 


(Ip = 5.0 mAdc, V G 5 = 0) 

2N4858,A,2N4861,A 


- 

0.5 



SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON” Resistance 

r ds(on) 

1 


Ohms 

(V G s = 0, 1 p = 0, f = 1 .0 kHz) 2N4856,A,2N4859,A 


25 


2N4857,A,2N4860,A 


- 

40 


2N4858,A,2N4861,A 


-- 

60 


Input Capacitance 2N4856 thru 2N4861 

c iss 

- 

18 

pF 

(V DS = 0, V GS = -10 Vdc, f = 1.0 MHz) 2N4856 A thru 2N4861 A 



10 


Reverse Transfer Capacitance 

Crss 



pF 

(VpS = 0, V GS = -10 Vdc, f - 1.0 MHz) 2N4856 thru 2N4861 


- 

8.0 


2N4856 A,2N4859 A 


- 

4.0 


2N4857 A,2N4858 A.2N4860 A,2N4861 A 


- 

3.5 



SWITCHING CHARACTERISTICS (See Figure 1) (Note 2) 


Turn-On Delay Time 

Conditions for 2N4856,A, 2N4859,A: 

2N4856, 2 N 4859 

kMon) 

- 

6.0 

ns 


(Vpp = 10 Vdc, lp( on ) = 20 mAdc, 
VGS(on) = 0. v GS(off) = - 1 0 vdc > 

2N4856A, 2N4859A 
2N4857, 2N4860 
2N4857A, 2N4860A 

- 

5.0 

6.0 

6.0 



2N4858, 2N4861 


_ 

10 




2N4858A, 2N4861A 


- 

8.0 


Rise Time 

Conditions for 2N4857,A, 2N4860,A: 

2N4856,A, 2N4859,A 

tr 

- 

3.0 

ns 


(Vdd = 10 Vdc - *D(on) = 10 mAdc, 
v GS(on) = 0, V GS(off ) = -6.0 Vdc) 

2N4857,A, 2N4860,A 
2N4858, 2N4861 
2N4858A, 2N4861A 


_ 

4.0 

10 

8.0 


Turn-Off Time 

Conditions for 2N4858,A, 2N4861,A: 

2N4856, 2N4859 
2N4856A, 2N4859A 

toff 

- 

25 

20 

ns 


(Vdd = 10 Vdc, lp(on) = 5.0 mAdc, 
v GS(on) = 0, V GS ( off ) = -4.0 Vdc) 

2N4857, 2N4860 
2N4857A, 2N4860A 
2N4858, 2N4861 

! 

- 

50 

40 

100 




2N4858A, 2N4861A 


- 

80 



Indicates JEDEC Registered Data. 

Note 1 : Pulse Test: Pulse Width = 1 00 ms, Duty Cycle < 1 0%. 

Note 2: The lo(on) values are nominal; exact values vary slightly with transistor parameters. 
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2n4870 (SILICON) 
2n4871 



(TO-92) Bj 


PN unijunction transistors designed for use in pulse 
and timing circuits, sensing circuits and thyristor trig- 
ger circuits. 


MAXIMUM RATINGS (T a = 25®C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

RMS Power Dissipation* 

p * 

D 

300 

mW 

RMS Emitter Current 

I 

e 

50 

mA 

Peak-Pulse Emitter Current** 

i ** 

e 

mm 

Amp 

Emitter Reverse Voltage 

V 

B2E 

30 

Volts 

Interbase Voltaget 

V B2B1^ 

35 

Volts 

Operating Junction Temperature Range 

m 

-65 to +125 

° C 

Storage Temperature Range 

t * 
stg 

-65 to +150 

°c 

i 


♦Derate 3. 0 mW/°C increase in ambient temperature. 
♦♦Duty cycle S 1%, PRR = 10 PPS (see Figure 5). 
•(•Based upon power dissipation at = 25° C. 


FIGURE 1 - UNIJUNCTION TRANSISTOR SYMBOL 
AND NOMENCLATURE 



FIGURE 2 -STATIC EMITTER 

CHARACTERISTICS CURVES 
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2N4870, 2N4871 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 



Min 

- n 
Typ 

Max 

Unit 

Intrinsic Standoff Ratio* 

(V = 10 V) 2N4870 

B2B1 2N4871 

4, 7 

rf* 


■ 


' 

Interbase Resistance 
< V B2B1= 3 - 0V " ^ 

10, 11 

r bb 

4.0 

6.0 

9. 1 

k ohms 

Interbase Resistance Temperature Coefficient 
{V B2B1 = 3 - ° V ’ X E = °’ T A = - 65 to +125 ° c ) 

11 

aR BB 

0. 10 

- 

0. 90 

%/°C 

Emitter Saturation Voltage** 

< V B2B1 = 10V ’ V 50 mA> 


V EBl(sat)** 

- 

2.5 

- 

Volts 

Modulated Interbase Current 
(V B2B1 = 10V ’ I B- 50 , ” A) 


X B2(mod) 

- 

15 

- 

raA 

Emitter Reverse Current 
< V B2E =30V ’ I B1 =0 > 

6 

X EB20 


0. 005 

1.0 

mA 

Peak-Point Emitter Current 
< V B2B1= 25V > 

8, 9 

' P 

- 

1.0 

5.0 

pA 

Valley-Point Current** 

(V R9R . = 20 V, R r9 = 100 ohms) 2N4870 

B2B1 BZ 2N4871 

12, 13 

V* 

2.0 

4.0 

5.0 

7.0 

- 

mA 

Base-One Peak Pulse Voltage 2N4870 

2N4871 

3, 16 

V OBl 

3.0 

5.0 

6.0 

8.0 

- 

Volts 


* *1 Intrinsic standoff ratio, is defined in terms of peak -point voltage, V p , by means of the equation: V p = r l v g2Bl + V F’ where 
V p is approximately 0. 49 volt at 25° C @ I p = 10 p A and decreases with temperature at approximately 2. 5 mV/°C. The test 
circuit is shown in Figure 4. Components R p C^, and the UJT form a relaxation oscillator, the remaining circuitry serves 
as a peak-voltage detector. The forward drop of Diode compensates for V p . To use, the "cal" button is pushed, and Rg 
is adjusted to make the current meter, M^, read full scale. When the "cal" button is released, the value of ^is read directly 
from the meter, if full scale on the meter reads 1. 0. 

** Use pulse techniques: PW ~ 300 /is, duty cycle ^ 2. 0% to avoid internal heating, which may result in erron- 
eous readings. 


FIGURE 3— Vobi TEST CIRCUIT 


vi 



FIGURE 4- n TEST CIRCUIT 


+10 v 



Ir 2.0 pA @ Vp = 20 V 


FIGURE 5 -PRR TEST CIRCUIT 
AND WAVEFORM 

DUTY CYCLE ^ 1% , PRR 1 0 pps 



CURRENT WAVEFORM THRU R 1 
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R bb , INTERBASE RESISTANCE, NORMALIZED Ip, PEAK-POINT EMITTER CURRENT (/iA) 'EB20. 'EB2S. EMITTER REVERSE CURRENT ( M A) 


2N4870 thru 2N4871 (continued) 


TYPICAL CHARACTERISTICS 


FIGURE 6 - EMITTER REVERSE CURRENT FIGURE 7 - INTRINSIC STANDOFF RATIO 



T J( JUNCTION TEMPERATURE (°C) Tj, JUNCTION TEMPERATURE (°C) 

PEAK POINT CURRENT 

FIGURE 8 - EFFECT OF VOLTAGE FIGURE 9 - EFFECT OF TEMPERATURE 



V B 2B1- INTERBASE VOLTAGE (VOLTS) Tj, JUNCTION TEMPERATURE (°C) 


INTERBASE RESISTANCE 

FIGURE 10 -EFFECT OF VOLTAGE FIGURE 11 - EFFECT OF TEMPERATURE 



V B 2B1< INTERBASE VOLTAGE (VOLTS) Tj, JUNCTION TEMPERATURE (°C) 
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Vqbi> BASE-ONE PEAK PULSE VOLTAGE (VOLTS) Vy, VALLEY VOLTAGE (VOLTS) l v , VALLEY POINT CURRENT (mA) 


2N4870thru 2N4871 (continued) 


TYPICAL CHARACTERISTICS 

VALLEY CURRENT 



VB2B1- INTERBASE VOLTAGE (VOLTS) Tj, JUNCTION TEMPERATURE (°C) 

VALLEY VOLTAGE 

FIGURE 14-EFFECT OF VOLTAGE FIGURE 15-EFFECT OF TEMPERATURE 



VB2B1- INTERBASE VOLTAGE (VOLTS) Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 16 -OUTPUT VOLTAGE 



0.001 0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

Ci, CIRCUIT CAPACITANCE EMITTER TO GROUND (jxF) 
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2n4877 (SILICON) 


MEDIUM-POWER NPN SILICON TRANSISTOR 

. . . designed for switching and wide band amplifier applications. 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 1 0 Vdc (Max) @ Iq = 4.0 Amp 

• DC Current Gain Specified to 4 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact TO-39 Case for Critical Space-Limited 

Applications. 


* MAXIMUM RATINGS 


‘Indicates JEDEC Registered Data 


THERMAL CHARACTERISTICS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V C£0 

60 

Vdc 

Collector-Base Voltage 

V CB 

70 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

•c 

4.0 

Adc 

Base Current 

'b 

1.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

P D 

10 

Watts 

Derate above 25°C 


57.2 

mW/°C 

Operating and Storage Junction 

T J- T stg 

-65 to +200 

°C 

Temperature Range 



Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

17.5 

°C/W 



4 AMPERE 

POWER TRANSISTOR 

NPN SILICON 
60 VOLTS 
10 WATTS 




STYLE 1 

PIN 1. EMITTER 
2. BASE 



To convert inches to millimeters multiply by 25.4 
All JEDEC dimensions and notes apply 
CASE 79 (1) 

TO-39 
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2N4877 (continued) 


"ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 


Symbol Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l c = 200 mAdc, l B = 0) 

VCEO(sus) 

60 

_ 

Vdc 

Collector Cutoff Current 

'CEX 




(V C E = 70 Vdc, V EB(of f) = 1 .5 Vdc) 


- 

100 

/uAdc 

(V C £ = 70 Vdc, V EB(of f) = 1.5 Vdc, T c = 100°C) 


- 

1.0 

mAdc 

Collector Cutoff Current 

'CBO 



/LiAdc 

(V CB = 70 Vdc, l E =0) 


- 

100 


Emitter Cutoff Current 

•ebo 



MAdc 

(V BE = 5.0 Vdc, l C = 0) 


- 

100 



ON CHARACTERISTICS!!) 


DC Current Gain 

(l C = 1.0 Adc, V CE =2.0 Vdc) 

(l C = 4.0 Adc, V C e = 2.0 Vdc) 

hFE 

B 

100 


Collector-Emitter Saturation Voltage 
(Iq = 4.0 Adc, l B = 0.4 Adfc) 

v CE(sat) 

- 

1.0 

Vdc 

Base-Emitter Saturation Voltage 
(l C = 4.0 Adc, l B = 0.4 Adc) 

v BE(sat) 

- 

1.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

*T 



MHz 

(1C = 0.25 Adc, V CE = 10 Vdc, f = 1.0 MHz) 


4.0 

- 


(1C = 0.25 Adc, V C E = 10 Vdc, f = 10 MHz)** 


30 

- 



SWITCHING CHARACTERISTICS 


Rise Time (Vcc = 25 Vdc, lc = 4.0 Adc, l B i = 0.4 Adc) 

tr 

- 

100 

ns 

Storage Time 

(V C c = 25 Vdc, lc = 4.0 Adc, 

1 B 1 = ! B2 = 0.4 Adc) 

Is 

- 

1.5 

MS 

Fall Time 

tf 

- 

500 

ns 


•Indicates JEDEC Registered Data. 

••Motorola guarantees this value in addition to JEDEC Registered Data. 

Note 1 : Pulse Test: Pulse Width< 300 /us. Duty Cycled 2.0%. 

FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA FIGURE 3 - SWITCHING TIME TEST CIRCUIT 



VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate lc — V CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 2 is based on Tj(p|<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<)< 200°C. At high case tem- 
peratures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second break- 
down. (See AN-415) 
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2n4890 (SILICON) 


PNP SILICON ANNULAR TRANSISTOR 

. . . designed for applications in audio-output feedback control, and 
general, medium-current switching and amplifier circuits. 

• Direct Complement to NPN 2N3053 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 0.12 Vdc (Typ) @ lc = 150 mAdc 

• High Current-Gain— Bandwidth Product — 

fj = 280 (Typ) @ Iq = 50 mAdc 


"MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current - Continuous 

■c 

500 

700** 

mAdc 

T otal Device Dissipation @ T/\ = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


5.7 

mW/°C 

T otal Device Dissipation @ Tq = 25°C 

Pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

-65 to +200 

°C 


"indicates JEDEC Registered Data. 

* "Motorola Guarantees this Data in Addition to JE DEC Registered Data. 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 


Vbb = 27.9 V CC = -30V 



SCOPE CHARACTERISTICS 
IMPEDANCE 10 MEG MIN 
CAPACITANCE 7.0 pF MAX 


PNP SILICON 

SWITCHING AND AMPLIFIER 
TRANSISTOR 




CASE 79 (1) 
(TO-39) 
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2N4890 (continued) 


*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Note 1) 

(l C = 100/uAdc, l B = 0) 

BVcEO 

40 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(lc = 10 mAdc, R B E = 10 ohms) 

BVceR 

50 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
(l C = 100/uAdc. I E = 0) 

BVcbO 

60 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100/uAdc, l C = 0) 

BVebO 

5.0 

- 

- 

Vdc 

Collector Cutoff Current 
(Vce = 60 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

•CEX 

- 

- 

0.25 

juAdc 

Base Cutoff Current 
(Vce = 60 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

>BL 

- 

- 

0.25 

/uAdc 

ON CHARACTERISTICS 

DC Current Gain (Note 1 ) 

( 1 C = 1 50 mAdc, V CE = 2.5 Vdc) 

h FE 

25 

130 

_ 

— 

(1C = 150 mAdc, V CE = 10 Vdc) 


50 

140 

250 


Collector-Emitter Saturation Voltage 
(l C = 150 mAdc, l B = 15 mAdc) 

v CE(sat) 

- 

0.12 

1.4 

Vdc 

Base-Emitter Saturation Voltage 
(l C =150 mAdc, l B = 15 mAdc) 

HI 

- 

0.82 

1.7 


Base-Emitter On Voltage 
( 1 C = 1 50 mAdc, V C E = 2.5 Vdc) 

WBM 

— 

0.74 

1.7 

Vdc 

DYNAMIC CHARACTERISTICS 

Current-Gain— Bandwidth Product 
(1C = 50 mAdc, V C E = 10 Vdc, f = 20 MHz) 

h 

100 

280 

— 


Output Capacitance 
(V C b = 10 Vdc, l E = 0, f = 140 kHz) 


~ 

9.0 


pF 

Input Capacitance 

(V BE = 0.5 Vdc, l C = 0, f = 140 kHz) 


— 

60 

80 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(V CC = 30 Vdc, V BE (off) = 0.8 Vdc, 
lc = 150 mAdc, 1 B 1 = 15 mAdc) 

(Figure 1) 


— 

15 

50 

ns 

Rise Time 

Hi 


20 

50 

ns 

Storage Time 

(V C c = 30 Vdc, l C = 150 mAdc, 

1 B1 = ( B2 = IB mAdc) 

(Figure 1) 

t s 

- 



ns 

Fall Time 

tf 

- 


70 

ns 


‘indicates JE DEC Registered Data. 

Notel: Pulse Test: Pulse Width = 300 /us. Duty Cycle < 2.0%. 
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2n 4898 thru 2 n4900 (SILICON) 



Medium-power PNP silicon transistors designed 
for driver circuits, switching, and amplifier applica- 
tions. Complement to NPN 2N4910 thru 2N4912. 


Collector connected to case 


MAXIMUM RATINGS 


Rating 

Collector-Emitter Voltage 


Collector -Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous * 


Base Current 

Total Device Dissipation T c = 25° C 

Derate above 25° C 

Operating & Storage Junction 
Temperature Range 


Symbol 


CEO 


CB 


EB 


! c* 


2N4898 


40 


40 


2N4899 

60 

60 

-5.0 — 
- 1.0 — 
-4.0 — 
- 1.0 — 
-25 — 
0.143- 


2N4900 

80 


80 


stg 


-65 to +200- 


Unit 


Vdc 


Vdc 


Vdc 


Adc 


Adc 

Watts 

W/°C 

"~°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 jc 

7.0 

° c/w 


* The 1. 0 Amp maximum I^, value is based upon JEDEC current gain requirements. 

The 4. 0 Amp maximum value is based upon actual current-handling capability of the device 
(see Figure 5). 



0 20 40 60 80 100 120 140 160 180 200 

T c , CASE TEMPERATURE (°C) 
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2N4898 thru 2N4900 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25*C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

1 Collector-Emitter Sustaining Voltage 1 ^ 


BV 

DV CEO(sus) 



Vdc 

(I c = 0. 1 Adc, i B = 0) 

2N4898 


40 

- 


2N4899 



60 

- 



2N4900 



80 

- 


Collector Cutoff Current 



! ceo 



mAdc 

(V CE =20Vdc, Ig = 0) 

2N4898 



0. 5 


(V CE =30 Vdc, I B = 0) 

2N4899 




0. 5 


(V CE =40 Vdc, I B =0) 

2N4900 



" 

0. 5 


Collector Cutoff Current 


12 

*CEX 



mAdc 

< V CE= tetedV CEO- V BE(off) 

1. 5 Vdc) 


" 

0. 1 


(V CE = Rated V CE0 , V BE(0 „ r 

1. 5 Vdc, T c = 150° C) 



“ 

1.0 


Collector Cutoff Current 


- 

t cbo 



mAdc 

( V C B = Rated V cb .Ie- 0 ) 



- 

0. 1 


Emitter Cutoff Current 



*E BO 



mAdc 

(V BE= 5 - 0Vdc > l C =0) 



" 

1.0 



ON CHARACTERISTICS (1 > 


DC Current Gain 

8 

h__ 




(I c = 50 mAdc, V CE = 1.0 Vdc) 


FE 

40 

- 


(I c = 500 mAdc, V C£ = 1.0 Vdc) 



20 

100 


(I c = 1.0Adc, V CE =1.0Vdc) 



10 



Collector-Emitter Saturation Voltage 

9 

V CE(sat) 



Vdc 

(I c = 1.0 Adc, I B = 0. 1 Adc) 

11 

13 

- 

0.6 


Base-Emitter Saturation Voltage 

11 

V BE(sat) 



Vdc 

(I c = 1.0 Adc, Ig = 0.1 Adc) 

13 

- 

1.3 


Base-Emitter On Voltage 

11 

V BE(on) 



Vdc 

(I c = 1.0 Adc, V CE = 1.0 Vdc) 

13 

- 

1.3 



SMALL SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c - 250 mAdc, V CE = 10 Vdc, f = 1. 0 MHz) 

- 

f T 

3.0 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kHz) 

- 

C ob 

- 

100 

pF 

Small-Signal Current Gain 
d c = 250 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

- 

h fe 

25 

- 

- 


(1) Pulse Test: PW =300 ns, Duty Cycle = 2.0% 


FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 


FIGURE 3 -TURN-ON TIME 




10 20 30 50 70 100 200 300 500 700 1000 

l c , COLLECTOR CURRENT (mA) 
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r(t). TRANSIENT THERMAL RESISTANCE, NORMALIZED 


2N4898 thru 2N4900 (continued) 


FIGURE 4 -THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The safe operating area curves indicate lc— V ce 
limits of the transistor which must be observed for 
reliable operation. Collector load lines for specific 
circuits must fall below the limits indicated by the 
applicable curve. 

The data of Figure 5 is based upon Tjjp^j = 
200°C; Tc is variable depending upon conditions. 
Pulse curves are valid for duty cycles to 10 % pro- 
vided T j ( pk ) < 200°C. Tj(pk) may be calculated 
from the data in Figure 4 . At high case tempera- 
tures, thermal limitations will reduce the power 
which can be handled to values less than the limita- 
tions imposed by secondary breakdown. 


FIGURE 6 -STORAGE TIME 



FIGURE 7 -FALL TIME 



10 20 30 50 70 100 200 300 500 700 1000 

l Cl COLLECTOR CURRENT (mA) 


2—842 







I c , COLLECTOR CURRENT (/jA) R BE( EXTERNAL BASE-EMITTER RESISTANCE (OHMS) h FE , DC CURRENT GAIN 


2N4898 thru 2N4900 (continued) 


FIGURE 8 -CURRENT GAIN 


Mil 












2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 2000 

l Cl COLLECTOR CURRENT (mA) 


FIGURE 9 - COLLECTOR SATURATION REGION 


lllll 


I, .BASE CURRENT (mA) 


FIGURE 10 -EFFECTS OF BASE-EMITTER RESISTANCE 


FIGURE 11 -“ON” VOLTAGE 
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FIGURE 12 -COLLECTOR CUTOFF REGION 
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FIGURE 13 -TEMPERATURE COEFFICIENTS 


APPLIES FOR lc/lB < hFE/2 


9 sc FOR V C E|..t) 


ii 


0 0.1 0.2 0.3 0.4 0.5 

V BE . BASE-EMITTER VOLTAGE (VOLTS) 
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2n4901 (SILICON) 

2n4902 

2n4903 



CASE 1 1 

(TO-3) 


PNP power transistors for use in power amplifier 
and switching circuits. Complement to NPN 2N5067, 
2N5068, 2N5069. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N4901 

2N4902 

2N4903 

Unit 

Collector-Emitter Voltage 

V CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

«■ 5.0 * 

Vdc 

Collector Current — Continuous 

■c 

«• 5.0 * 

Adc 

Base Current 


*• 1.0 «* 

Adc 

Total Device Dissipation = 25° C 

Derate above 25° C 

P D 

«• 87. 5 » 

•+ 0. 5 • 

Watts 

W/°C 

Operating & Storage Junction 
Temperature Range 

T J- T S tg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Sjc 

2.0 

°C/W 


ELECTRICAL CHARACTERISTICS (T c = 25 °C unless otherwise noted) 


Characteristic 

Fig. No. 

Symboi 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage* 


V CEO(sus)* 



Vdc 

(I = 0. 2 Adc, I = 0) 2N4901 

L 2N4902 


40 

- 


n 


60 

- 


2N4903 



80 

- 


Collector Cutoff Current 


*ceo 



mAdc 

(V CE = Rated V CE0 . < B = °> 


- 

1.0 


Collector Cutoff Current 


X CEX 



mAdc 

< V CE= Rated V CEO' V BE(off) = , ' 5VdC) 

5,6 

- 

0.1 


< V CE ' Ra,Cd V CEO> V BE(off) * 1 5 VdC ' T C ’ 150 ° C > 


" 

2.0 


Collector Cutoff Current 


r CBO 



mAdc 

(V CB = Rated V CB . I E =0> 


- 

0. 1 


Emitter Cutoff Current 


! ebo 



mAdc 

(V BE = 5.0 Vdc, I c =0) 


■ 

1.0 



ON CHARACTERISTICS 


DC Current Gain* 


h FE* 



- 

(I c = 1.0 Adc, V CE =2.0 Vdc) 

1 

20 

80 


(I c = 5.0 Adc, V CE =2.0 Vdc) 



7.0 

- 


Collector-Emitter Saturation Voltage* 


V * 

v CE(sat) 



Vdc 

(I c = 1.0 Adc, I 0 = 0.1 Adc 

2,3,4 

- 

0.4 


(I- = 5.0 Adc, I n = 1.0 Adc) 

L □ 



- 

1.5 


Base-Emitter On Voltage* 

3,4 

V * 

BE(on) 




(I c = 1.0 Adc, V CE =2.0 Vdc) 

" 

1.2 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c = 1.0 Adc, V CE = 10 Vdc, f = 1.0 MHz) 


f T 

4.0 

- 

MHz 

Small -Signal Current Gain 
(I c = 0. 5 Adc, V CE = 10 Vdc, f = 1. 0 kHz) 


h fe 

20 

- 

■ 


* Pulse Test: PW = 300 jus, Duty Cycle * 2.0% 
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VOLTAGE (VOLTS) V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) DC CURRENT GAIN, NORMALIZED 


2N4901, 2N4902, 2N4903 (continued) 


FIGURE 1 — NORMALIZED DC CURRENT GAIN 



0.005 0.007 0.01 0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

l c , COLLECTOR CURRENT (AMP) 


FIGURE 2 - COLLECTOR SATURATION REGION 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 

l B , BASE CURRENT (mA) 



0.005 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 


l c , COLLECTOR CURRENT (AMP) 


FIGURE 4 - TEMPERATURE COEFFICIENTS 
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2N4901, 2N4902, 2N4903 (continued) 


TYPICAL "OFF” REGION CHARACTERISTICS 


FIGURE 5 - CUT-OFF REGION 


FIGURE 6— EFFECTS OF RUSE-EMITTER RESISTANCE 






U U.2 0.4 

V 8E , BASE-EMITTER VOLTAGE (VOLTS) 


0 20 40 60 80 100 120 140 160 180 200 

Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 7 -SWITCHING TIME EQUIVALENT CIRCUIT 


TURN-ON PULSE 


APPROX / 

- 1,v jfer J 

APPROX R * 

*1 t 2 f— I +9.0V Cjd«C. b 

' ‘ /I 

Vi„ 1 tj < 7.0 ns 

I j/ | 100 < t 2 < 500 /as ' 

Tv X ^— =f.,L 0~E~2.0% 

TURN-OFF PULSE 


FIGURE 8 -CAPACITANCE 
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V R , REVERSE VOLTAGE (VOLTS) 


FIGURE 9 -TURN-ON TIME 
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FIGURE 10 -TURNOFF TIME 
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l c , COLLECTOR CURRENT (AMP) 



l c , COLLECTOR CURRENT (AMP) 











r(ti D) TRANSIENT THERMAL RESISTANCE, NORMALIZED '<* COLLECTOR CURRENT (AMP) 


2N4901, 2N4902, 2N4903 (continued) 


RATING AND THERMAL DATA 


FIGURE II - ACTIVE-REGION SAFE OPERATING AREAS 



V CE , COLLECTOR -EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power han- 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate lc —Vce limits of the transistor that 
must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissi- 
pation than the curves indicate. 

The data of Figurellis based on Tj| p k) = 
200 *C; Tc is variable depending on conditions. 
Pulse curves are valid for duty cycles to 10 % pro- 
vided Tj( P u < 200*C. Tj( p k) may be calculated 
from the data in Figure 12 .At high case tempera- 
tures, thermal limitations will reduce the power 
that can be handled to values less than the 
limitations imposed by secondary breakdown. 


1.0 

0.5 
0.3 
0.2 

0.1 

0.5 
0.03 
0.02 

0.01 

0.01 0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 700 1000 

t, TIME (ms) 


DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 
FIGURE A 

A train of periodical power pulses can be represented by the model 
shown in Figure A. Using the model and the device thermal response, 
the normalized effective transient thermal resistance of Figure 12 
was calculated for various duty cycles. 

To find 0jc(t), multiply the value obtained from Figure 12 by the 
steady state value 0jc. 

Example: 

The 2N4901 is dissipating 100 watts under the following conditions: 
ti == 0-1 ms, tp = 0.5 ms. (D = 0.2) 

Using Figure 12, at a pulse width of 0.1 ms and D = 0.2, the reading 
of r (tj,D ) is 0.27. 

The peak rise in junction temperature is therefore 
AT = r(t) X Pp X 6jc = 0.27 X 100 X 2.0 = 54*C 



FIGURE 12 - TRANSIENT THERMAL RESISTANCE 
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2n4904 (SILICON) 

2n4905 

2n4906 


PNP power transistors for use in power amplifier 
and switching circuits. Complement to NPN 2N4913 
thru 2N4915. 



CASE 1 1 

(TO-3) 


MAXIMUM RATINGS 


Rating 

Symbol 

2N4904 

2N4905 

2N4906 

Unit 

Collector-Emitter Voltage 

v 

CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

■* 5.0 * 

Vdc 

Collector Current — Continuous 

*c 

«■ 5.0 

Adc 

Base Current 

>B 

m 1.0 * 

Adc 

Total Device Dissipation T^ = 25° C 
Derate above 25° C 

P D 

« 87. 5 •> 

0. 5 * 

Watts 

W/°C 

Operating & Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +200 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

6 JC 

2.0 

°c/w 


ELECTRICAL CHARACTERISTICS (T c = 25 °C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage lD 


V CEO(sus) 



Vdc 

(I = 0. 2 Adc, I = 0) 2N4904 

2N4905 

11 

40 

- 



60 

- 


2N4906 



80 

- 


Collector Cutoff Current 


! ceo 



mAdc 

(V CE = Rated V CEO , I B -0) 


- 

1.0 


Collector Cutoff Current 


*cex 



mAdc 

(V CE = Rated v CEO> V BE(of() = 1.5Vdc) 

5,6 

- 

0. 1 


(V CE - Rated V CEO , V BE(off) = 1.5 Vdc, T<; = 150“ C) 



- 

2.0 


Collector Cutoff Current 


[ CBO 



mAdc 

(V CB = Rated V CB , I £ = 0) 


- 

0. 1 


Emitter Cutoff Current 


! ebo 



mAdc 

(V BE =5 -° Vdc > l C =0) 


- 

1.0 



ON CHARACTERISTICS ID 


DC Current Gain 


h FE 



- 

(I c =2.5 Adc, V CE =2.0 Vdc) 

1 

25 

100 


(I c = 5.0 Adc, V CE =2.0 Vdc) 



7.0 

- 


Collector-Emitter Saturation Voltage 


V CE(sat) 



H 

(I c =2. 5 Adc, I B = 0.25 Adc) 

2,3,4 

- 


■ 

(I c = 5.0 Adc, I Q = 1.0 Adc) 



- 


Wmm 

Base-Emitter On Voltage 

3,4 




H 

(I c =2.5 Adc, V CE =2.0 Vdc) 

- 

1.4 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c = 1.0 Adc, V CE = 10 Vdc, f = 1. 0 MHz) 


f T 

4.0 

- 

MHz 

Small -Signal Current Gain 
(I c = 0. 5 Adc, V C£ = 10 Vdc, f = 1. 0 kHz) 


h fe 

40 

- 



ID Pulse Test: PW = 300 iss, Duty Cycle =2.0% 
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VOLTAGE (VOLTS) V CE . COLLECTOR-EMITTER VOLTAGE (VOLTS) h «- 00 CURRENT NORMALIZED 


2N4904, 2N4905, 2N4906 (continued) 


FIGURE 1 - NORMALIZED DC CURRENT GAIN 



FIGURE 2 - COLLECTOR SATURATION REGION 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 

l a , BASE CURRENT (mA) 
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l c , COLLECTOR CURRENT (AMP) 
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l c , COLLECTOR CURRENT (AMP) 
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t, TIME (,zs) | Ci COLLECTOR CURRENT (/zA) 


2N4904, 2N4905, 2N4906 (continued) 


TYPICAL “OFF" REGION CHARACTERISTICS 


FIGURE 5 -CUTOFF REGION 


FIGURE 6 -EFFECTS OF BASE-EMITTER RESISTANCE 




FIGURE 7 - SWITCHING TIME EQUIVALENT CIRCUIT 


FIGURE 8 -CAPACITANCE 



V R , REVERSE VOLTAGE (VOLTS) 




0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

l c COLLECTOR CURRENT (AMP) 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

l Cl COLLECTOR CURRENT (AMP) 
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r(tj D) TRANSIENT THERMAL RESISTANCE, NORMALIZED lc, COLLECTOR CURRENT (AMP) 


2N4904, 2N4905, 2N4906 (continued) 


RATING AND THERMAL DATA 


FIGURE 11 - ACTIVE-REGION SAFE OPERATING AREAS 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power han- 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate lc— V ce limits of the transistor that 
must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissi- 
pation than the curves indicate. 

The data of Figurell is based on Tj ( p k) = 
200°C; Tc is variable depending on conditions. 
Pulse curves are valid for duty cycles to 10% pro- 
vided Tj(pit) < 200°C. Tj(pi) may be calculated 
from the data in Figure 12 .At high case tempera- 
tures, thermal limitations will reduce the power 
that can be handled to values less than the 
limitations imposed by secondary breakdown. 


FIGURE 12 - TRANSIENT THERMAL RESISTANCE 



t, TIME (ms) 


DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 


FIGURE A 



tp 




Pp 


Pp 

1 

«. 1 — ! 

1 


I 

i 


l/f -I 

DUTY CYCLE 0 = ^ = ^ 

tp 

PEAK PULSE POWER = P p 


A train of periodical power pulses can be represented by the model 
shown in Figure A. Using the model and the device thermal response, 
the normalized effective transient thermal resistance of Figure 12 
was calculated for various duty cycles. 

To find 0 JC (t), multiply the value obtained from Figure 12 by the 
steady state value 0jc. 

Example: 

The 2N4904 is dissipating 100 watts under the following conditions: 
ti = 0.1 ms, t P - 0.5 ms. (D = 0.2) 

Using Figure 12, at a pulse width of 0.1 ms and D = 0.2, the reading 
of r (t , , D ) is 0.27. 

The peak rise in junction temperature is therefore 
AT = r(t) X Pp X 0j C = 0.27 X 100x2.0= 54°C 
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2n 4910 thru 2 n4912 (SILICON) 



Medium-power NPN silicon transistors designed 
for driver circuits, switching, and amplifier applica- 
tions. Complement to PNP 2N4898 thru 2N4900. 


Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 




Unit 

Collector-Emitter Voltage 

v 

CEO 

40 



Vdc 

Collector-Base Voltage 

V CB 

40 


80 

Vdc 

Emitter -Base Voltage 

V EB 

5.0 ► 

Vdc 

Collector Current — Continuous* 

V 

HfH 

Adc 

Base Current — Continuous 


1.0 ► 

Adc 

Total Device Dissipation T^ = 25° C 

P D 

25 ► 

Watts 

Derate above 25° C 


0.143 ► 

mW/°C 

Operating & Storage Junction 
Temperature Range 

T J ,T stg 

— 65 to 4-200 ► 

O 

o 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 


7.0 

°c/w 


* The 1. 0 Amp maximum 1^ value is based upon JEDEC current gain requirements. 

The 4. 0 Amp maximum value is based upon actual current -handling capability of the device 
(see Figure 5). 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 



T c , CASE TEMPERATURE (°C) 

Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed. 
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2N4910 thru 2N4912 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25 *C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage M) 

(, C “ O' 1 Adc - I B = °) 2N4910 

- 

BV 

CEO(sus) 

40 


Vdc 

2N4911 



60 



2N4912 



80 

- 


Collector Cutoff Current 

. 

! ceo 



mAdc 

( V CE = 20 Vdc, I B = 0) 2N4910 


- 

0.5 


( V CE = 30 Vdc, I 0 = 0) 2N4911 



_ 

0.5 


( V CE = 40 Vdc, I B = 0) 2N4912 



' 

0.5 


Collector Cutoff Current 

12 

! cex 



mAdc 

< V CE = Rated V CEO' V EB(o f f) =1 ' 5VdC) 


- 

0.1 


(V CE - Rated V CE0 , V EB(otf) = 1. 5 Vde, T c = .50°C) 



- 

1.0 


Collector Cutoff Current 

- 

! cbo 



mAdc 

< V CB = RatedV CB’ V 0 * 


- 

0.1 


Emitter Cutoff Current 

- 

*ebo 



mAdc 

(V £B = 5.0 Vdc, I c = L 0) 


- 

1.0 



ON CHARACTERISTICS 


DC Current Gain 
(I c = 50 mAdc, V CE =1.0 Vdc) 

(I c = 500 mAdc, V CE =1.0 VdC) 

(I c = 1.0 Adc, V CE = 1.0 Vdc) 

8 

h FE 

40 

20 

10 

- 

100 


Collector-Emitter Saturation Voltage 
(I c = 1.0 Adc, I 0 = 0.1 Adc) 

9 

11 

13 

V CE(sat) 

- 

0.6 

Vdc 

Base-Emitter Saturation Voltage 
<I C = 1.0 Adc, I B = 0.1 Adc) 

11 

13 

V BE(sat) 

- 

1.3 

Vdc 

Base-Emitter On Voltage 
(I c = 1.0 Adc, V CE = 1.0 Vdc) 

11 

13 

V BE(on) 

- 

1.3 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Cur rent -Gain — Bandwidth Product 
(I c = 250 mAdc, V CE = 10 Vdc, f = 1.0 MHz) 

- 

f T 

3.0 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kHz) 

• 

C ob 

- 

100 

pF 

Small -Signal Current Gain 
(I c = 250 mAdc, V C£ = 10 Vdc, f = 1.0 kHz) 

■ 

K 

fe 

25 

1 



Ul Pulse Test: PW * 300 /is, Duty Cycle * 2. 0% 


FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3 - TURN ON TIME 
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STORAGE TIMERS) lc, COLLECTOR CURRENT (AMP) r(t), TRANSIENT THERMAL RESISTANCE, NORMALIZED 


2N4910thru 2N4912 (continued) 


FIGURE 4 -THERMAL RESPONSE 



t, TIME (ms) 


There are two limitations on the power han 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate lc — V ce limits of the transistor that 
must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissi- 
pation than the curves indicate. 

The data of Figure 5 is based on Tj ( pk) = 
200 # C;T c is variable depending on conditions. 
Pulse curves are valid for duty cycles of 10 % pro- 
vided Tj ( pi, ) < 200° C. Tj(pk) may be calculated 
from the data in Figure 4. At high case tempera- 
tures, thermal limitations will reduce the power 
that can be handled to values less than the 
limitations imposed by secondary breakdown. 


FIGURE 5- ACTIVE-REGION SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 -STORAGE TIME 


FIGURE 7 -FALL TIME 



10 20 30 50 70 100 200 300 500 700 1000 



10 20 30 50 70 100 200 300 500 700 1000 


l c , COLLECTOR CURRENT (mA) 


l c , COLLECTOR CURRENT (mA) 
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2n4913 (SILICON) 

2n4914 

2n4915 

NPN power transistors for use in power amplifier 
and switching circuits. Complement to PNP 2N4904 
thru 2N4906. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N4913 

2N4914 

2N4915 

Unit 

Collector-Emitter Voltage 

V CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

'c 

5.0 

Adc 

Base Current - Continuous 

*B 

1.0 

Adc 

Total Device Dissipation @ T C = 25° C 

P D 


87. 5 


Watts 

Derate above 25° C 



0. 5 


W/°C 

Operating & Storage Junction 
Temperature Range 

T T T s.g 

-65 to +200 

°c 



Collector connected to case 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

^JC 

2.0 

°c/w 


ELECTRICAL CHARACTERISTICS (T c = 25 °C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage HI 


RV 

DV CEO(sus) 



Vdc 

(I =0.2 Adc, I =0) 2N4913 

L a 2N2914 


40 

- 


11 


60 

- ■ 


2N4915 



80 

- 


Collector Cutoff Current 


J CEO 



mAdc 

(V CE = FUt«l V CEO , 1 B = 0) 


- 

1.0 


Collector Cutoff Current 


Z CEX 



mAdc 

(V CE - Rated V CE0 . V EB(off) - 1. 5 Vdc) 


- 

1.0 


< V CE = Ra ted v CEO' V EB(om * »• 5 Vdc T C= 150 ° C > 

5,6 


- 

2.0 


Collector Cutoff Current 


! cbo 



mAdc 

< v Cb = Rated v cb .I e =°) 

5,6 


1.0 


Emitter Cutoff Current 


! ebo 



mAdc 

(V EB = 5.0 Vdc, I c =0) 


- 

1.0 



ON CHARACTERISTICS HI 


DC Current Gain 
(I c = 2. 5 Adc, V CE =2.0 Vdc) 

(I c = 5.0Adc, V CE =2.0 Vdc) 

1 

h FE 

25 

7.0 

100 


Collector-Emitter Saturation Voltage 
(I c = 2. 5 Adc, I B = 250 mAdc) 

2,3,4 

V CE(sat) 


1.0 

Vdc 

(I c = 5.0 Adc, I B = 1.0 Adc) 



- 

1. 5 


Base-Emitter On Voltage 
(I c = 2.5 Adc, V CE =2.0 Vdc) 

3,4 

V BE(on) 

- 

1.4 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c = 1.0 Adc, V CE = 10 Vdc, f = 1.0 MHz) 


f T 

4.0 

- 

MHz 

Small-Signal Current Gain 
(I c = 500 mAdc, V C£ = 10 Vdc, f = 1. 0 kHz) 


h fe 

20 

- 

- 


Pulse Test, PW *300 ps, Duty Cycle * 2.0% 
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VOLTAGE (VOLTS) V CEf COLLECTOR-EMITTER VOLTAGE (VOLTS) h«, DC CURRENT GAIN, NORMALIZED 


2N4913, 2N4914, 2N4915 (continued) 


FIGURE 1 - NORMALIZED DC CURRENT GAIN 



0.005 0.007 0.01 0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 

l c , COLLECTOR CURRENT (AMP) 


FIGURE 2 — COLLECTOR SATURATION REGION 
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l B , BASE CURRENT (mA) 


FIGURE 3 — “ON” VOLTAGES 
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l Cl COLLECTOR CURRENT (AMP) 


FIGURE 4 — TEMPERATURE COEFFICIENTS 




2N49 13, 2N4914, 2N4915 (continued) 


TYPICAL “OFF 1 ’ REGION CHARACTERISTICS 


FIGURE 5 -CUT-OFF REGION 


FIGURE 6 - EFFECTS OF BASE-EMITTER RESISTANCE 


- I c = 10 X Ices H hVct = 30V 


L Tj = +175°C- 

; io i i — 


10 s Ic = 2xI C£S - 



V r , REVERSE VOLTAGE (VOLTS) 


FIGURE 9 -TURN-ON TIME 


FIGURE 10 -TURNOFF TIME 





0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

l c , COLLECTOR CURRENT (AMP) 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 

l c , COLLECTOR CURRENT (AMP) 







r(t, D) TRANSIENT THERMAL RESISTANCE, NORMALIZED | Cf COLLECTOR CURRENT (AMP) 


2N49I3, 2N4914, 2N4915 (continued) 


RATING AND THERMAL DATA 
FIGURE II - ACTIVE-REGION SAFE OPERATING AREAS 
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3.0 5.0 7.0 10 20 30 50 70 100 

V CEl COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power han- 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate lc — Vce limits of the transistor that 
must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissi- 
pation than the curves indicate. 

The data of Figurell is based on Tj(p k ) = 
200°C; Tc is variable depending on conditions. 
Pulse curves are valid for duty cycles to 10 % pro- 
vided Tj (p n < 200 # C. Tj(pk) may be calculated 
from the data in Figure 12 .At high case tempera- 
tures, thermal limitations will reduce the power 
that can be handled to values less than the 
limitations imposed by secondary breakdown. 


FIGURE 12 - TRANSIENT THERMAL RESISTANCE 



DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 


FIGURE A 



i ! 


DUTY CYCLE D = tj-f = ^ 
PEAK PULSE POWER = P p 


A train of periodica! power pulses can be represented by the model 
as shown in Figure A. Using the model and the device thermal response, 
the normalized effective transient thermal resistance of Figure 12 
was calculated for various duty cycles. 

To find 0j C (t), multiply the value obtained from Figure 12 by the 
steady state value 0jc. 

Example: 

The 2N4913 is dissipating 100 watts under the following conditions: 
ti = 0-1 ms, tp = 0.5 ms. (D = 0.2) 

Using Figure 12, at a pulse width of 0.1 ms and D = 0.2, the reading 
of r(t,,D)is0.28. 

The peak rise in junction temperature is therefore 
AT = r(t) X Pp X 0jc = 0.28 X 100 x 2.0 — 56 °C 
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2n 49 1 8 thru 2 n4920 (SILICON) 

MJE491 8 thn>MJE4920 


MEDIUM-POWER PLASTIC PNP SILICON TRANSISTORS 

. . . designed for driver circuits, switching, and amplifier applications. 
These high-performance plastic devices feature: 

• Low Saturation Voltage - VcE(sat) = 0.6 Vdc (Max) @ lc = 1.0 
Amp 

• Excellent Power Dissipation Due to Thermopad Construction — 

Pq = 30 and 40 W @ Tq = 25°C 

• Excellent Safe Operating Area 

• Gain Specified to I q = 1 .0 Amp 

• Complement to NPN 2N4921, 2N4922, 2N4923 and MJE4921, 
MJE4922, MJE4923 

• Choice of Packages - 2N4918 thru 2N4920, 30 Watts, Case 77 

MJE4918 thru MJE4920, 40 Watts, Case 199 


♦MAXIMUM RATINGS 


Ratings 

Symbol 

2N4918 

MJE4918 

2N4919 

MJE4919 

2N4920 

MJE4920 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Col lector- Base Voltage 

V CB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

CO 

HI 

> 

— 5.0 

Vdc 

Collector Current — Continuous (1) 

>c* 

1.0 

3.0 

Adc 

Base Current 

>B 

1.0 — 

Adc 



2N4918 series 

MJE4918 series 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

30 

0.24 

40 

0.32 

Watts 

W/°C 

Operating & Storage Junction 
Temperature Range 

Tj' T st g 

•m -65 to + 150 •- 

°C 


THERMAL CHARACTERISTICS (2) 


Characteristic 

Symbol 

2N49 18/20 

MJE4918/20 

Unit 

Thermal Resistance, Junction to Case 

0JC 

4.16 

3.125 

°C/W 


•Indicates JEDEC Registered Data for 2N4918 Series 

(1 ) The 1 .0 Amp maximum Iq value is based upon JEDEC current gain requirements. 
The 3.0 Amp maximum value is based upon actual current-handling capability of the 
device (See Figure 5). 

(2) Recommend use of thermal compound for lowest thermal resistance. 



25 50 75 100 125 150 


TC, CASE TEMPERATURE (°C) 


3 AMPERE 
GENERAL-PURPOSE 
POWER TRANSISTORS 

40-80 VOLTS 
30 and 40 WATTS 



HEATSINK 
CONTACT AREA 
(BOTTOM) 


1 


0.580 /SEA 


/.SEATING 

eli plane 



MJE4918 

MJE4919 

MJE4920 



PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 


'Dimension is to centerline of leads 
CASE 199-04 
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2N4918 thru 2N4920, MJE4918 thru MJE4920 (continued) 


ELECTRICAL CHARACTERISTICS (Tq - 25°C unless otherwise noted) 


| Characteristic 


Fig. No. 

Symbol 

Min 

Max 

Unit ] 

OFF CHARACTERISTICS 

1 Collector-Emitter Sustaining Voltage (1) 


v CEOIsus) 



Vdc 

<I C = 0.1 Adc. I B =0) 

2N4918.MJE4918 



40 

- 



2N4919.MJE4919 



60 

- 



2N4920.MJE4920 



80 

- 


Collector Cutoff Current 


- 

•CEO 



mAdc 

(V CE = 20 Vdc, l B = 0) 

2N4918.MJE4918 



- 



(V C E = 30 Vdc. I B = 0) 

2N4919.MJE4919 



- 

■ 


(V CE = 40 Vdc. I B = 0) 

2N4920.MJE4920 



- 



Collector Cutoff Current 


13 

•CEX 




(V C e = Rated V CE0 , V BE ( 0 ff) = 

1.5 Vdc) 



- 



(V C e = Rated V C EO. VBE(off) = 

1.5 Vdc, T C = 125°C) 



- 



Collector Cutoff Current 


- 

'CBO 



mAdc 

(Vcb = Rated Vc B . I B - 0) 




- 

0.1 


Emitter Cutoff Current 


_ 

*EB0 

_ 

1.0 

mAdc 

<V BE = 5.0 Vdc, l C = 0) 






ON CHARACTERISTICS 


DC Current Gain (1) 

(l C = 50 mAdc, V CE = 1 .0 Vdc) 

(l C = 500 mAdc, V CE = 1.0 Vdc) 

(l c = 1.0 Adc. V CE = 1.0 Vdc) 

9 

h FE 

40 

20 

10 

100 


Collector-Emitter Saturation Voltage ( 1 ) 

10 

v CE(sat) 



Vdc 

(l C = 1.0 Adc, l B = 0.1 Adc) 

12 


- 

0.6 



14 





Base-Emitter Saturation Voltage (1) 

12 

v BE(sat) 



Vdc 

(IC= 1.0 Adc. I B =0.1 Adc) 

14 


- 

1.3 


Base-Emitter On Voltage ( 1 ) 

12 

V B E(on) 



Vdc 

(l C = 1.0 Adc, V CE = 1.0 Vdc) 

14 


- 

1.3 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(IC = 250 mAdc, V CE = 10 Vdc, f = 1.0 MHz) 

- 

h 

3.0 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0,f= 100kHz) 


c ob 

_ 

100 

pF 

Small-Signal Current Gain 

(lC = 250 mAdc, V CE = 10 Vdc, f = 1.0kHz) 


h fe 

25 

- 

~ 


indicates JEOEC Registered Data for 2IM4918 Series. 

(1) Pulse Test: PW % 300 /us, Duty Cycle ^2.0% 



FIGURE 3 - TURN-ON TIME 
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2N4918 thru 2N4920, MJE4918 thru MJE4920 (continued) 


TYPICAL DC CHARACTERISTICS 


FIGURE 9 - CURRENT GAIN FIGURE 10 - COLLECTOR SATURATION REGION 



1C, COLLECTOR CURRENT (mA) l B , BASE CURRENT (mA) 


FIGURE 11 - EFFECTS OF BASE-EMITTER RESISTANCE FIGURE 12 - "ON" VOLTAGE 



Tj, JUNCTION TEMPERATURE (°C) 'C, COLLECTOR CURRENT (mA) 


FIGURE 13 - COLLECTOR CUTOFF REGION FIGURE 14 - TEMPERATURE COEFFICIENTS 



- 0.2 - 0.1 0 + 0.1 + 0.2 + 0.3 + 0.4 + 0.5 ' 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 2000 

Vbe, BASE-EMITTER VOLTAGE (VOLTS) l c , COLLECTOR CURRENT (mA) 
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2n4921 thru 2n4923 (SILICON) 
MJE4921 thruMJE4923 


MEDIUM-POWER PLASTIC NPN SILICON 
TRANSISTORS 

. . . designed for driver circuits, switching, and amplifier applications. 
These high-performance plastic devices feature: 

• Low Saturation Voltage -VcE(sat) = 0.6 Vdc (Max) @ lc = 1.0 Amp 

• Excellent Power Dissipation Due to Thermopad 

Construction - Pq = 30 and 40 W @ Tc = 25°C 

• Excellent Safe Operating Area 

• Gain Specified to |q = 1.0 Amp 

• Complement to PNP 2N4918, 2N4919, 2N4920 and MJE4918, 

MJE4919, MJE4920 

• Choice of Packages - 2N4921 thru 2N4923, 30 Watts - Case 77 

MJE4921 thru MJE4923, 40 Watts - Case 199 


"MAXIMUM RATINGS 


Rating 

Symbol 

2N4921 

MJE4921 

2N4922 

MJE4922 

2N4923 

MJE4923 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

50 

Vdc 

Collector Current - Continuous (1) 

•c 


1.0 — 


Adc 




3.0 — 



Base Current - Continuous 

•b 

1.0 

Adc 



2INI4921 

MJE4921 




Series 



Series 


Total Device Dissipation @Tc = 25°C 

Pd 

30 



40 

Watts 

Derate above 25°C 


0.24 



0.32 

W/°C 

Operating & Storage Junction 

T J. T stg 



-65 to +150 - 

°C 

Temperature Range 








THERMAL CHARACTERISTICS (2) 


Characteristic 

Symbol 

2N4921/4923 

MJE4921/4923 

Unit 

Thermal Resistance, Junction to Case 

°JC 

4.16 

3.125 

°C/W 


(1) The 1.0 Amp maximum Iq value is based upon JEDEC current gain requirements. 

The 3.0 Amp maximum value is based upon actual current-handling capability of the device 
(see Figures 5 and 6). 

(2) Recommend use of thermal compound for lowest thermal resistance. 

•Indicates JEDEC Registered Data for 2N4921 Series. 

FIGURE 1 - POWER DERATING 



25 50 75 100 125 150 

Tc, CASE TEMPERATURE (°C) 

Safe Area Curves are indicated by F igures 5 and 6. All limits are applicable and must be observed 


3 AMPERE 
GENERAL PURPOSE 
POWER TRANSISTORS 

40-80 VOLTS 
30 and 40 WATTS 



2N4921 

2N4922 

2N4923 


N 1. EMITTER 

2. COLLECTOR 

3. BASE 



Case 77-03 
Style 1 
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2N4921 thru 2N4923, MJE4921 thru MJE4923 (continued) 


^ELECTRICAL CHARACTERISTICS (7q = 25°C unless otherwise noted) 


| Characteristic 

Figure No. 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 


- 

VcEO(sus) 



Vdc 

(l C = 0.1 Adc, l B = 0) 

2N4921, MJE4921 




- 



2N4922, MJE4922 



vmm 

- 



2N4923, MJE4923 



— 

- 


Collector Cutoff Current 


_ 

•CEO 

■ 

■■ 


(V C E = 20 Vdc, l B = 0) 

2N4921 , MJE4921 






(V CE = 30 Vdc, l B = 0) 

2N4922, MJE4922 




■9 : 

■HBI 

(V CE = 40 Vdc, 1 B = 0) 

2N4923, MJE4923 



U 

0.5 


Collector Cutoff Current 


13 

•CEX 




(Vce = Rated VcEO- v EB(off) = 1-5 Vdc) 




- 

0.1 

■ 

(V CE = Rated V CE 0* V EB (off) = 1-5 Vdc, T c = 125°C) 



- 

0.5 

■ 

Collector Cutoff Current 


- 

•CBO 



mAdc 

(Vq B = Rated VcB> >E = 




- 

0.1 


Emitter Cutoff Current 


- 

•ebo 



mAdc 

(V EB = 5.0 Vdc, l c = 0) 




- 

1.0 



ON CHARACTERISTICS 


DC Current Gain (1 ) 

9 




- 

(l c = 50 mAdc, V CE = 1 .0 Vdc) 






(1C = 500 mAdc, V CE = 1.0 Vdc) 






(l c = 1.0 Adc, V CE = 1.0 Vdc) 






Collector-Emitter Saturation Voltage (1) 

■■TQH 




Vdc 

(l c = 1.0 Adc, l B = 0.1 Adc) 



- 









Base-Emitter Saturation Voltage (1) 

12 

v BE(sat) 



Vdc 

(l c = 1.0 Adc, l B = 0.1 Adc) 

14 


- 

1.3 


Base-Emitter On Voltage (1) 

12 

V BE (on) 



Vdc 

(l c = 1.0 Adc, V CE = 1.0 Vdc) 

14 


- 

1.3 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l C = 250 mAdc, V CE = 10 Vdc, f = 1.0 MHz) 

- 

*T 

3.0 

_ 

MHz 

Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

- 

a 

o 

o 

_ 

100 

PF 

Small-Signal Current Gain 

(l C = 250 mAdc, V CE = 10 Vdc, f= 1.0 kHz) 

- 

h fe 


- 

- 


(1) Pulse Test: PW% 300 /us, Duty Cycled 2.0%. 
•Indicates JEDEC Registered Data for 2N4921 Series. 


FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 




o.o5 l i i n i i i itu -c^r i i i.. lijxd 

10 20 30 50 70 100 200 300 500 700 1000 

l Cl COLLECTOR CURRENT (mA) 
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2N4921 thru 2N4923, MJE4921 thru MJE4923 (continued) 


FIGURE 4 - THERMAL RESPONSE 



ACTIVE - REGION SAFE OPERATING AREA 

FIGURE 5 - 2N4921 thru 2N4923 FIGURE 6 - MJE4921 thru MJE4923 




Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS) VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a transistor: average junction temperature and second breakdown. Safe oper- 
ating area curves indicate Iq-VcE operation, i.e., the transistor must not be subjected to greater dissipation than the curves indicate. 

The data of Figures 5 and 6 is based on Tj(p|<) = 1 50°C; Tq is variable depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tjjpk) ^ 1 50°C. At high case temperatures, thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. (See AN-415) 



10 20 30 50 70 100 200 300 500 700 1000 


l c , COLLECTOR CURRENT (mA) 


FIGURE 8 - FALL TIME 



2—866 






l Cl COLLECTOR CURRENT (/xA) Rbe, EXTERNAL BASE-EMITTER RESISTANCE (OHMS) 









2n4924 (SILICON) 
2n4925 


. . . NPN silicon annular transistors designed for 
high-voltage, high-frequency amplifier applications. 



CASE 79 

(TO-39) 

Collector 
connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

2N4924 

2N4925 

Unit 

Collector- Emitter Voltage 

v 

CEO 

100 

150 

Vdc 

Collector- Base Voltage 

V CB 

100 

150 

Vdc 

Emitter -Base Voltage 

V EB 

5.0 

Vdc 

Collector Current - Continuous 

J c 

200 

mAdc 

Total Device Dissipation T . = 25°C 
Derate above 25°C 

P D 

1.0 

5.71 

W 

mW/°C 

Total Device Dissipation T c = 25°C 
Derate above 25°C 

P D 

5.0 

28.6 

W 

mW/°C 

Operating Junction Temperature Range 

t j 

-65 to +175 

°C 

Storage Temperature Range 

T stg 

-65 to + 200 

°c 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector- Emitter Breakdown Voltage Ol 

2N4924 

bv ceo 

100 

_ 

Vdc 

(1^ = 10 mAdc, Ig = 0) 

2N4925 

150 

- 


Collector- Base Breakdown Voltage 

2N4924 

bv cbo 

100 

_ 

Vdc 

(I c - 100 /iAdc, I c = 0) 

2N4925 

150 

- 


Emitter- Base Breakdown Voltage 


bv ebo 



Vdc 

(I E = 100 MAdc, I c = 0) 


5.0 

- 


Collector Cutoff Current 


r CBO 



M Adc 

(V CB = 50 Vdc, I E = 0) 


- 

0. 1 


(V CB = 75 Vdc ’ l E = 0) 



- 

0. 1 



ON CHARACTERISTICS 


DC Current Gain 

h FE 



_ 

(I c = 1.0 mAdc, V CE = 10 Vdc) 

25 

- 


(I c = 10 mAdc, V CE = 10 Vdc) 


35 

- 


(I c = 150 mAdc, V CE = 10 Vdc) 


40 

200 


Collector-Emitter Saturation Voltage 

V CE(sat) 



Vdc 

(I c = 10 mAdc, Ig = 1.0 mAdc) 

- 

0.25 


(I^ = 50 mAdc, Ig = 5. 0 mAdc) 


- 

0.4 


Base- Emitter On Voltage 

V BE(on) 



Vdc 

(I c = 50 mAdc, V CE = 10 Vdc) 

- 

0. 95 



DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product 
(I c = 20 mAdc, V CE = 20 Vdc, f = 100 MHz) 

f T 

100 

500 

MHz 

Collector- Base Capacitance 
(V CB = 20 Vdc, I E = 0, f = 100 kHz) 

C cb 

- 

10 

pF 

Collector-Emitter Capacitance 
(V be - 1.0 Vdc, I c = 0, f = 100 kHz) 

C eb 

- 

80 

pF 


O) pulse Test: Pulse Width s 300 jus, Duty Cycle s 2.0%. 
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2n4926 (SILICON) 
2n4927 



. . . NPN silicon annular transistors designed for 
high-voltage, high-frequency amplifier applications. 


CASE 79 

(TO-39) 

Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

2N4926 

2N4927 

Unit 

Collector- Emitter Voltage 

v 

CEO 

200 

250 

Vdc 

Collector- Base Voltage 

v 

CB 

200 

250 

Vdc 

Emitter-Base Voltage 

V EB 

7.0 

Vdc 

Collector Current - Continuous 

! c 

50 

mAdc 

Total Device Dissipation = 25°C 

Derate above 25°C 

P D 

1.0 

5.71 

w 

mW/t 

Total Device Dissipation T^ = 25°C 

Derate above 25°C 

P D 

5.0 

28.6 

W 

mW/°C 

Operating Junction Temperature Range 

T .I 

-65 to +175 

°c 

Storage Temperature Range 
! 

T stg 

-65 to + 200 

°c 
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2N4926, 2N4927 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage* 

(I„ = 10 mAdc , 1=0) 

L 0 

2N4926 

2N4927 

bv ceo* 

200 

250 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 0. 1 mAdc, I c = 0) 

2N4926 

2N4927 

bv cbo 

200 

250 

- 

Vdc 

Emitter-Base Breakdown Voltage 
a E =>1.0 mAdc, I c = 0) 

bv ebo 

7.0 

- 

Vdc 

Collector Cutoff Current 
(V CB = 100 Vdc, I E = 0) 

2N4926 

^BO 

- 

0. 1 

juAdc 

(V CB = 100 Vdc, I E = 0, T a = 100°C) 



- 

10 


(V Cfi = 150 Vdc, I E = 0) 

2N4927 


- 

0. 1 


(V CB = 150 Vdc, I E = 0, T a = 100°C) 



- 

10 


Emitter Cutoff Current 
(V B e=5.°V 

^BO 

- 

0. 1 

yuAdc 


♦Pulse Widths 300 jus, Duty Cycle ^ 1.0% 


ON CHARACTERISTICS 


DC Current Gain HI 

(I c = 3.0 mAdc, V CE = 10 Vdc) 

h FE 

10 

- 

- 

(I c = 10 mAdc, V CE = 10 Vdc) 


15 

- 


(I c = 30 mAdc, V CE = 10 Vdc) 


20 

200 


(I c = 50 mAdc, V CE = 20 Vdc) 


20 

- 


Collector-Emitter Saturation Voltage W 
(I c = 10 mAdc, Ig = 1.0 mAdc) 

V CE(sat) 

- 

1.0 

Vdc 

(I c = 30 mAdc, Ig = 3. 0 mAdc) 


- 

2.0 


Base-Emitter Saturation Voltage 
(1^ = 10 mAdc, Ig = 1.0 mAdc) 

V BE(sat) 

- 

1.2 

Vdc 

(I„ = 50 mAdc, 1. = 3. 0 mAdc) 

L D 



1. 5 


Base-Emitter On Voltage 

(I c = 30 mAdc, V CE = 10 Vdc) 

V BE(on) 

- 

1. 5 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I c = 10 mAdc, V CE = 20 Vdc, f = 20 MHz) 


30 

300 

MHz 

Output Capacitance 

(V CB = 20 Vdc, I £ = 0, f = 100 kHz) 

C cb 

- 

6.0 

pF 

Input Impedance 

(I c = 10 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

h ie 

75 

750 

k ohm 

Voltage Feedback Ratio 

(I„ = 10 mAdc, V^ = 10 Vdc, f = 1. 0 kHz) 

L L JCi 

h ie 

0. 1 

1.0 

-4 

X10 

Small-Signal Current Gain 

(I c = 10 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

h fe 

25 

250 

- 

Output Admittance 

(I c = 10 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

h oe 

5.0 

50 

jumhos 

Real Part of Input Impedance 

<I C = 10 mAdc, V CE = 20 Vdc, f = 5. 0 MHz) 

Re(h ie ) 

4.0 

40 

ohms 


HI Pulse Width s 300 jus, Duty Cycle s 2 . 0% 
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2n4928 thru 2N4931 (SILICON) 


2N4930 JAN & JTX 
2N4931 JAN & JTX 


AVAILABLE 



High-voltage PNP silicon annular transistors for 
use in general-purpose high-voltage applications. 


CASE 79 

(TO-39) 


Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

2N4928 

2N4929 




Collector-Emitter Voltage 

v 

CEO 




250 

Vdc 

Collector-Base Voltage 

V CB 





Vdc 

Emitter-Base Voltage 

V EB 



■a 

4.0 

Vdc 

Collector Current — Continuous 

r c 



m 

500 

mAdc 

Total Device Dissipation @T^ = 25° C 

P D 

0. 6 

1.0 

1.0 

1.0 

Watt 

Derate above 25° C 


3. 4 

5. 71 

5.71 

5. 71 

mW/'C 

Total Device Dissipation = 25° C 

P D 

3.0 

5.0 

5.0 

5.0 

Watt 

Derate above 25° C 


17. 2 

28.6 

28.6 

28.6 

mW/°C 

Operating & Storage Junction 
Temperature Range 

T r T s.g 

-65 to +200 

°c 


2-871 






2N4928 thru 2N4931 (continued) 


ELECTRICAL CHARACTERISTICS <t a = 25-0 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

I Collector-Emitter Breakdown Voltage HI 

bv ceo 



Vdc 

(I c = 10 mAdc, I B = 0) 

2N4928 

100 

- ■ 


2N4929 


150 

- 



2N4930 


200 

- 



2N4931 


250 

_ 


Collector -Base Breakdown Voltage 


bv cbo 



Vdc 

(I = 0, I = 100 nAdc) 

2N4928 

100 

- 



2N4929 


150 

- 



2N4930 


200 

- 



2N4931 


250 

- 


Emitter -Base Breakdown Voltage 


bv ebo 



Vdc 

(I E = 100 fiAdc, I c = 0) 


4.0 

- 


Collector Cutoff Current 


J CBO 



juAdc 

(V CB = 50 Vdc, I E = 0) 

2N4928 

- 

0. 5 


< V CB = 75Vdc ’ I E =0) 

2N4929 


- 

0. 5 


(V CB = 150 Vdc, I E = 0) 

2N4930, 2N4931 


- 

1.0 


Emitter Cutoff Current 


X EBO 



juAdc 

(V BE =3.0 Vdc, I c =0) 

2N4928, 2N4929 

- 

0. 5 


(V BE = 3. 0 Vdc, I c = 0) 

2N4930. 2N4931 



1.0 



ON CHARACTERISTICS 


DC Current Gain 


h FE 



- 

(L, = 1. 0 mAdc, V„„ = 10 Vdc) 

All Types 

20 

- 


(I„ = 10 mAdc, V^ = 10 Vdc) (1> 

2N4928, 2N4929 


25 

200 


(I c = 10 mAdc, V CE = 10 Vdc) <*> 

2N4930, 2N4931 


20 

200 


(I Q = 50 mAdc, V CE = 10 Vdc) 

2N4928, 2N4929 


20 

- 


(I_ = 30 mAdc, V„„ = 10 Vdc) 

C CJcj 

2N4930, 2N4931 


20 

- 


Collector-Emitter Saturation Voltage 

V CE(sat) 



Vdc 

(I_ = 10 mAdc, 1=1.0 mAdc) 

C D 

2N4928, 2N4929 

- 

0. 5 


2N4930, 2N4931 


- 

5.0 


Base-Emitter On Voltage 


V BE(on) 



Vdc 

(I„ = 10 mAdc, V^ = 10 Vdc) 



1.0 



DYNAMIC CHARACTERISTICS 


Cu r rent- Gain— Gandwidth Product 

f T 



MHz 

(I = 20 mAdc, V = 20 Vdc, f = 100 MHz) 

L C 2N4928, 2N4929 


100 

1,000 


(I = 20 mAdc, V = 20 Vdc, f = 20 MHz) 

C 2N4930, 2N4931 


20 

200 


Collector-Base Capacitance 
( V CB = 20 vdc > J E = °’ f = 140 kHz) 2N4928 

C cb 

- 

6.0 

pF 

(V CB = 20 Vdc, I E = 0, f = 140 kHz) 2N4929 


- 

10 


(V n = 20 Vdc, 1=0, f = 140 kHz) 

** 2N4930, 2N4931 


- 

20 


Emitter-Base Capacitance 
(V be =2.0 Vdc, I c = 0, f = 140 kHz) 2N4928 

C eb 

- 

40 

pF 

(V BE = 1.0 Vdc, I c = 0, f = 140 kHz) 2N4929 


- 

80 


(V = 0. 5 Vdc, 1=0, f = 140 kHz) 

U 2N4930, 2N4931 



400 



n) Pulse Width s 300 jus: Duty Cycle $ 2.0% 
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2n4937 thru 2n4942 (SILICON) 


Dual PNP silicon annular transistors especially de- 
signed for low-level, differential amplifier applications. 



Case 654-01 

2N4937 

2N4938 

2N4939 




Case 610-02 


2N4940 

2N4941 

2N4942 


PNP 



Pin Connections, Bottom View 
All Leads Electrically Isolated from Case 


MAXIMUM RATINGS (each side) (T a = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current -Continuous 

: c 

50 

mAdc 

Base Current 

X B 

10 

mAdc 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +200 

°C 


One 

Side 

Both 

Sides 


Total Device Dissipation 
@ T a = 25°C 

Metal Can 

Derate above 25° C 

Flat Pack 

Derate above 25° C 

P D 

500 

2.9 

250 

1. 5 

600 

3.4 

350 

2.0 

mW 
mW/° C 
mW 
mW/°C 
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2N4937 thru 2N4942 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 

| Characteristic 1 Symbol [ Min 1 Typ | Max 1 Unit [ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I c = 10 mAdc, I fi = 0) 

bv ceo 

40 


“ 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 10 M Adc, I E = 0) 

bv cbo 

50 



Vdc 

Emitter-Base Breakdown Voltage 
(I E = 10 (xAdc, I r = 0) 

bv ebo 

5.0 



Vdc 

Collector Cutoff Current 
(V CB = 40 Vdc, I E = 0) 

! cbo 

. 

2.0 

20 

nAdc 

Emitter Cutoff Current 
(V BE = 3.0 Vdc, I c = 0) 

! ebo 

- 

3.0 

20 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

h_„ 





(I c = 100 MAdc, V CE = 10 Vdc) 

FE 

40 

- 

200 


(I c = 1. 0 mAdc, V CE = 10 Vdc) 


50 

- 

250 


(I c = 10 mAdc, V CE = 10 Vdc) 


50 


250 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(I c = 10 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

300 

400 

900 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 140 kHz) 

Emitter Guarded 

C cb 

- 

3.0 

5.0 

pF 

Input Capacitance 

( v be = °- 5 Vdc, ! c - °» f = 140 kHz ) 

Collector Guarded 

C eb 

- 

7.0 

10 

pF 

Input Impedance 

(I c =1.0 mAdc, V CE = 10 Vdc, f = 1 kHz) 

h ie 

1.0 

4.0 

10 

kft 

Voltage Feedback Ratio 
d c = 1.0 mAdc, V C£ = 10 Vdc, f = 1 kHz) 

h 

re 


3.0 

10 

_4 

X 10 

Small-Signal Current Gain 
d c =1.0 mAdc, V CE = 10 Vdc, f = 1 kHz) 

h fe 

50 



- 

- 

- 

Output Admittance 

d c =1.0 mAdc, V C£ = 10 Vdc, f = 1 kHz) 

h oe 

5.0 

15 

50 

Mmhos 

Noise Figure 

(I c = 100 M Adc, V CE = 10 Vdc, 

R g = 3. 0 kfl , f = 10 Hz to 15. 7 kHz) 

NF 


- 

4.0 

dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio * 

(I r = 100 MAdc to 1.0 mAdc, V pF = 10 Vdc) 2N4937, 2N4940 

2N4938, 2N4941 
2N4939, 2N4942 

d c = 100 MAdc to 1. 0 mAdc, V CE = 10 Vdc, 2N4937, 2N4940 

T. = -55°C to +125°C) 2N4938, 2N4941 

A ’ 2N4939, 2N4942 

h FEl /h FE2* 

0.9 

0.8 

0. 85 
0.7 

0.7 

0.6 

1.0 

1.0 

1.0 

1.0 

■ 

Base Voltage Differential 

(I c = 100 mA to 1. 0 mAdc, V pF = 10 Vdc) 2N4937, 2N4940 

2N4938, 2N4941 
2N4939, 2N4942 

1 V BEl” V BE2 | 

- 

5.0 

3.0 

5.0 

mVdc 

Base Voltage Differential Gradient 
d c = 100 MAdc to 1.0 mAdc, V pF = 10 Vdc, 2N4937, 2N4940 

T = -55°C to +125°C1 2N4938, 2N4941 

T A 55 C to +125 C) 2N4939, 2N4942 

A ( V BEr V BE2) 

at a 

- 

20 

10 

20 

mV/°c 


* The lowest h FE reading is taken as h FE1 for this ratio 
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2n4948 (SILICON) 
2n4949 



Silicon annular unijunction transistors designed for 
military and industrial use in pulse, timing, triggering, 
sensing, and oscillator circuits. The annular process 
provides low leakage current, fast switching and low 
peak-point currents as well as outstanding reliability 
and uniformity. 


CASE 22A 

(TO- 18 Modified) 

(Lead 3 connected to case) 


MAXIMUM RATINGS (T a = 25 °C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

RMS Power Dissipation* 

P D 

360* 

mW 

RMS Emitter Current 


50 

mA 

Peak Pulse Emitter Current** 

i 

e 

1.0** 

Amp 

Emitter Reverse Voltage 

v 

B2E 

30 

Volts 

Storage Temperature Range 

T . 
stg 

-65 to +200 

°c 


* Derate 2.4 mW/°C increase in ambient temperature. Total power dissipation 
(available power to Emitter and Base- Two) must be limited by external cir- 
cuitry. Interbase voltage (V B 2Bl) by power dissipation, 

V B2B1 = ' /R BB* P D’ 

** Capacitance discharge current must fall to 0. 37 Amp within 3. 0 ms and PRR 
^ 10 PPS. 
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2N4948, 2N4949 (continued) 


ELECTRICAL CHARACTERISTICS (T* = 25 ®C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Intrinsic Standoff Ratio 


n 




- 

(V B2B1 = 10 V > Note 1 

2N4948 


0. 55 

- 

0. 82 


2N4949 


0.74 


0.86 


Interbase Resistance 


r bb 




k ohms 

< V B2B1 = 3 - 0V ' 'E- 0 ) 

2N4948, 2N4949 

4.0 

7.0 

12.0 


Interbase Resistance Temperature Coefficient 


“ r bb 




%/°C 

(V B2B1 = 3> 0 V ’ J E = °’ T A = " 65 ° C t0 +100 ° C ) 


0. 1 

- 

0.9 


Emitter Saturation Voltage 


V EBl(sat) 




Volts 

(V B2B1 = 10 V > l E = 50 mA) Note 2 


- 

2.5 

3.0 


Modulated Interbase Current 


I B2(mod) 




mA 

(V B2B1 = 10 V ’ *E * 50 mA) 


12 

15 

- 


Emitter Reverse Current 


I EB20 





< V B2E= 30V - ‘El- 0 * 


- 

5.0 

10 

nA 

< V B2E =30V ’ ‘Bl' 0 ' T A = 125 ° C) 




- 

1.0 

pA 

Peak Point Emitter Current 


l V 




mA 

< V B2B1“ 25 V > 

2N4948 

Jr 

- 

0.6 

2.0 


2N4949 


- 

0.6 

1.0 


Valley Point Current 


V 




mA 

(V B2B1 = 20 V> R B2 = 100 0hms) Note 2 

2N4948, 2N4949 


2.0 

4.0 

_ 


Base -One Peak Pulse Voltage 


V 

v OBI 




Volts 

(Note 3, Figure 3) 

2N4949 

3.0 

5.0 

- 



2N4948 


6.0 

8.0 

- 


Maximum Oscillation Frequency 


^(max) 




MHz 

(Figure 4) 


- 

1.25 

- 



NOTES 

1 . Intrinsic standoff ratio. 

T),is defined by equation: 

7 j = 

v B2B1 

Where V p = Peak Point Emitter Voltage 
V B2B1 = Interbase Voltage 
V( EB5 ) - Emitter to Base-One Junction Diode Drop 
(-0.5 V @ 10 ju.A) 


2. Use pulse techniques: PW - 300 fis duty cycle <^2% to avoid 
internal heating due to interbase modulation which may result in 
erroneous readings. 

3. Base-One Peak Pulse Voltage is measured in circuit of Figure 3. 
This specification is used to ensure minimum pulse amplitude for 
applications in SCR firing circuits and other types of pulse circuits. 


FIGURE 1 - UNIJUNCTION TRANSISTOR 
SYMBOL AND NOMENCLATURE 


FIGURE 2 -STATIC EMITTER 
CHARACTERISTICS CURVES 


(Exaggerated to Show Details) 


FIGURE 3 -Vqbi TEST CIRCUIT 

(Typical Relaxation Oscillator) 


FIGURE 4 -F(max) MAXIMUM 
FREQUENCY TEST CIRCUIT 



R# ( 
20 £2 




2n4957 

2n4958 

2n4959 


(SILICON) PNP silicon annular small-signal RF transistor designed 

for high-gain, low-noise amphfier, oscillator, and mixer 
applications. 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

30 

V3c 

Emitter -Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

l c 

30 

™ mAdc 

Total Device Dissipation (§ T. = 25°C 

P D 

r 200 


Derate above 25°C 


1. 14 

mW/°C 

Operating & Storage Junction Temperature Range 

T T 
r stg 


U C 


ELECTRICAL CHARACTERISTICS (Ta = 25 # C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
a c = 1. 0 mAdc, I B = 0) 

bv ceo 

30 

— 

— 

Vdc 

Collector -Base Breakdown Voltage 
(I c = 100 M Adc, I £ = 0) 

bv cbo 

30 

— 

— 


Emitter-Base Breakdown Voltage 
(I E = 100 MAdc, I c = 0) 

bv ebo 

3.0 

— 

— 


Collector Cutoff Current 
(V CB = 20 Vdc, I E = 0) 

(V CB = 20 Vdc, 0, T a = 150°C) 

1^1 

■ 

■ 

0 . 1 

100 


ON CHARACTERISTICS 

DC Current Gain 

d c = 2. 0 mAdc, V CE = 10 Vdc) 

1 


40 

— 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I w = 2.0 mAdc, V™ = 10 Vdc, f = 100 MHz) 2N4957 

* ^ 2N4958, 2N4959 

^T 



H 


Collector-Base Capacitance 

(V CB = 10 Vdc, I E = 0, f = 100 kHz) 


— 


0.8 

pF 

Collector-Base Time Constant 

(I E = 2. 0 mAdc, V CB = 10 Vdc, f = 63. 6 MHz) 

mg 

— 




Noise Figure 

(I r = 2. 0 mAdc, V r „ = 10 Vdc, f = 450 MHz) 2N4957 

C it- i 2N4958 

Flg - 1 2N4959 

OU = 2. 0 mAdc, V™ = 10 Vdc, = 50 ohms, 

f = 1.0 GHz) 2N4957 

NF 

— 

2.6 

2.9 

3.2 

5.0 

3.0 

3.3 

3.8 

dB 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 


■GT 




dB — 

(V CE = 10 Vdc, I c = 2. 0 mAdc, f = 450 MHz) 

2N4957 

pe 

17 

— 

— 


2N4958 


16 

— 

— 



2N4959 


15 

— 

— 


(V CE = 10 Vdc, I c = 2. 0 mAdc, R Q = 50 ohms, 
f = 1. 0 GHz) 

2N4957 


— 

13 

— 



2-877 




































RS, SOURCE RESISTANCE (OHMS) 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

In, COLLECTOR CURRENT (mA) 


.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

1C, COLLECTOR CURRENT (mA) 





Gs, REAL PART OF SOURCE ADMITTANCE (mmhos) G L< REAL PART 0F L0AD aomittance (mmhos) Gj, TRANSDUCER GAIN (dB) 


2N4957, 2N4958, 2N4959 (continued) 


COMMON EMITTER CIRCUIT DESIGN DATA 

(Vce = 10 Vdc, l C = 2.0 mA) 


FIGURE 7 - TRANSDUCER GAIN 
versus FREQUENCY 



FIGURE 8 - LINVILL STABILITY FACTOR 



10 20 30 50 70 100 200 300 500 700 1000 1500 

f, FREQUENCY (MHz) 


FIGURE 9 - LOAD ADMITTANCE 
versus FREQUENCY (REAL) 



FIGURE 11 - SOURCE ADMITTANCE 



NOTE 1 

Figures 7 through 18 are included to assist the circuit designer in determin- 
ing the stability of his particular circuit. Two stability criteria are given in 
these figures. 

The Linvill "C" factor* is a measure of transistor stability when the input 
and output are terminated in the worst-case (open circuit) condition. When 
* "Transistors and Active Circuits," Linvill and Gibbons, McGraw-Hill, 1961. 


FIGURE 10 - LOAD ADMITTANCE 
versus FREQUENCY (IMAGINARY) 



FIGURE 12 - SOURCE ADMITTANCE 



"C" is less than 1.0, the circuit is unconditionally stable. When "C" is greater 
than 1.0, the circuit is potentially unstable. 

The Stern "K" factort has been defined to determine the stability of a 
practical amplifier terminated in finite load and source admittances. If "K" 
is greater than 1.0, the circuit will be stable. If less than 1.0, the circuit will 
be unstable. For further details, see Application Note AN-215, 
t "Stability and Power Gain of Tuned Transistor Amplifiers," Arthur P. Stern, Proc. 

I.R.E., March 1967. 
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CURRENT GAIN 


2N4957, 2N4958, 2N4959 (continued) 


FIGURE 19 - SMALL-SIGNAL CURRENT GAIN 
versus FREQUENCY 
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50 70 100 200 300 500 700 1000 1500 

f, FREQUENCY (MHz) 


FIGURE 20 -POLAR hf e 
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FIGURE 21 - fj versus COLLECTOR CURRENT 


FIGURE 22 - DC CURRENT GAIN 


2N4957 
Vqe = 10 Vdc 





2N4957, 2N4958, 2N4959 (continued) 


Y PARAMETERS versus CURRENT 


COMMON BASE 

V CB = 10 Ydc V CB = 15 Vdc 


f = 450 MHz 


COMMON EMITTER 

V CE = 10 Vdc V CE = 15 Vdc 


FIGURE 25 - INPUT ADMITTANCE 



FIGURE 26 - INPUT ADMITTANCE 



FIGURE 27 - FORWARD TRANSFER ADMITTANCE 



FIGURE 28 - FORWARD TRANSFER ADMITTANCE 



FIGURE 29 - OUTPUT ADMITTANCE 



FIGURE 30 - OUTPUT ADMITTANCE 



FIGURE 31 - REVERSE TRANSFER ADMITTANCE FIGURE 32 - REVERSE TRANSFER ADMITTANCE 
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2N4957, 2N4958, 2N4959 (continued) 


COMMON BASE Y PARAMETER VARIATIONS 

(V C b = 10 Vdc, l C = 2.0 mAdc) 


Y PARAMETERS versus FREQUENCY 



45 70 100 200 300 500 700 1000 1500 

f, FREQUENCY (MHz) 


POLAR Y PARAMETERS versus FREQUENCY 




FIGURE 36 - yfb FORWARD TRANSFER ADMITTANCE 



9fb (mmhos) 




FIGURE 39 - y r b REVERSE TRANSFER ADMITTANCE 



FIGURE 40 - y r b REVERSE TRANSFER ADMITTANCE 









~u 

45 MHz 
1 














1 

300 

200 

l 
















1 

450 
















1 

'600 
















75o" 

l 
















I 

1000 
































1200 

[ 















-J 

1 

1500 








-1.6 -1.2 -0.8 -0.4 0 +0.4 +0.8 +1.2 +1.6 

g r b (mmhos) 


2-883 










Rating 

Symbol 

Value 

Unit 

Collector -Emitter Voltage 
(Base 1 and Base 2 open) 

V 

CE2 

30 

Vdc 

Collector-Base Voltage 

v 

V CB1 

40 

Vdc 

Emitter-Base Voltage 

v 

E2B1 

10 

Vdc 

Collector Current — Continuous 


1.0 

Adc 

Total Device Dissipation @T^ = 25° C 

P D 

0.8 

Watt 

Derate above 25° C 


4. 57 

mW/°C 

Total Device Dissipation @T^ = 25° C 

P D 

2.5 

Watts 

Derate above 25° C 


14.3 

mW/'C 

Operating and Storage Junction 
Temperature Range 

mm 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Typ 

Unit 

Thermal Resistance, Junction to Case 
Output Device 

Driver Device 

9 JC 

60 

85 

°c/w 

Thermal Resistance, Junction to 
Junction 

6 JJ 

30 

°c/w 
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2N4974, 2N4975 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25 *C unless otherwise noted) 


Numerical subscripts refer to unit number, lead 4 open unless otherwise noted. 


Characteristic 


Symbol 


Min 

Typ 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage HI 
(1^ = 10 mAdc, E 2 B ! termination open) 

BV CE2 

30 

40 

- 

Vdc 

Collector -Base Breakdown Voltage 
(I c = 10 uAdc) 

bv cbio 

40 

50 

- 

Vdc 

Emitter -Base Breakdown Voltage 
(I m = 10 uAdc) 

BV E2B10 

10 

12.5 

- 

Vdc 

Collector Cutoff Current 

<V CB 1 * 30 VdC) 

^BIO 

- 

0.5 

10 

nAdc 

Emitter Cutoff Current 
< V E2B1 ■ 5 '° VdC > 

I E2B10 

- 

0.15 

10 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

h FE 




_ 

(I_ = 1. 0 uAdc, V n „ 0 = 5. 0 Vdc) 2N4974 

C 2N4975 

5,000 

9,000 

- 



1,000 

4,000 

- 


(I_ * 1.0 uAdc, V_„ 0 = 5.0 Vdc, T. = -55° C) 

C CEZ A 2N4974 



2,000 



2N4975 


- 

1,000 

- 


(U = 10 uAdc, V^,, = 5. 0 Vdc) 2N4974 

C CE2 2N4975 


10,000 

15,000 

- 



5,000 

9,000 



(I r = 10 uAdc, V pp9 = 5. 0 Vdc, T = -55° C) 

C CEZ . 2N4974 



3,500 



2N4975 


- 

2,000 

- 


(I- = 100 uAdc, = 5.0 Vdc) 2N4974 

C CE2 2N4975 


20, 000 

30,000 

_ 



10,000 

20, 000 

- 


(I_ = 1. 0 mAdc, V_„_ = 5. 0 Vdc) 2N4974 

C CE2 2N4975 


25,000 

50, 000 

. 



15,000 

30, 000 



(I_ = 10 mAdc, V„ 0 = 5.0 Vdc)* 2N4974 

C CE2 2N4975 


30, 000 

60, 000 

150,000 



15,000 

30, 000 

75,000 


(I„ = 10 mAdc, V_„. = 5.0 Vdc, T A = -55° C) (1) 

C CEZ A 2N4974 



15,000 



2N4975 


- 

10,000 

- 


(I_ = 100 mAdc, = 5.0 Vdc)* 2N4974 

C CE2 2N4975 


25,000 

50, 000 

- 



15,000 

30,000 

- 


(1^ = 500 mAdc, V_„ 0 =5.0 Vdc)* 2N4974 

C CE2 2N4975 


15,000 

25,000 

- 



5,000 

10,000 

- 


(I_ = 1. 0 Adc, V-_, 0 = 5. 0 Vdc)* 2N4974 

C CE2 2N4975 


2,000 

4,000 

- 



1,000 

2,000 

- 


Collector -Emitter Saturation Voltage (11 

V CE2(sat) 




Vdc 

(I„ = 500 mAdc, I . =1.0 mAdc) 

- 

1.4 

2.0 


Base-Emitter Voltage HI 

V 

B1E2 




Vdc 

(1^ = 500 mAdc, 1^ =1.0 mAdc) 

- 

2.0 

2.7 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

f T 




MHz 

(I c = 20 mAdc, V CE2 = 5. 0 Vdc, f = 100 MHz) 

T 

175 

275 

- 


Output Capacitance 

C obl 




pF 

(V CB1 = 10 Vdc ’ J E2 = °’ f = 140 W 12 ) 

- 

4.0 

8.0 


Small-Signal Current Gain 
(I_ = 1. 0 mAdc, V n „ =5.0 Vdc, f = 1 . 0 kHz) 

CE 2N4974 

h fe 

25,000 



- 

2N4975 


15,000 

- 

- 


Noise Figure 

NF 




dB 

(I c =1.0 mAdc, V CB1 = 10 Vdc, R g = 10 k ohms, 
BW = 15.7 kHz) 


- 

3.0 

6.0 



^ Pulse Test: Pulse width s 300 us, duty cycle ^ 2% 
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2n4993 (SILICON) 


A1 o- 


—o A2 


SILICON BIDIRECTIONAL SWITCH 

. . . designed for full-wave triggering in Triac phase control circuits, 
half-wave SCR triggering applications and as voltage level detectors. 


Low Switching Voltage — 8.0 Volts Typical 
Uniform Characteristics in Each Direction 
Low On-State Voltage — 1 .7 Volts Maximum 
Low Off -State Current - 1 .0 /jA Maximum 
Low Temperature Coefficient — 0.02 %/°C Typical 


SILICON 

BIDIRECTIONAL SWITCH 


6.0-10 VOLTS 
350 mW 



^MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Power Dissipation 

P D 

350 

mW 

DC Forward Anode Current 

'f 

200 

mA 

DC Gate Current (off-state only) 

iQ(off) 

5.0 

mA 

Repetitive Peak Forward Current 

iFM(rep) 

1.0 

Amp 

(1.0% Duty Cycle, 10 ms Pulse 

Width) 




Non-Repetitive Forward Current 

1 PM (nonrep) 

5.0 

Amp 

10 ms Pulse Width 




Operating Junction Temperature 

Tj 

-55 to +150 

°C 

Range 




Storage Temperature Range 

T stg 

-65 to +200 

°C 

* Indicates JE DEC Registered Data 





i r 


STYLE 9 0 

PIN 1. ANODE 2 

2. ANODE 1 

3. GATE (CONNECTED -H 
TO CASE) 



To convert inches to millimeters multiply by 25.4 
All JEDEC dimensions and notes apply 

Gate Connected to Case 
CASE 22 (9) 

(TO-18) 


2-887 




Vs, SWITCHING VOLTAGE (NORMALIZED) 


2N4993 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

‘Switching Voltage 

v s 

6.0 

8.0 

10 

Vdc 

‘Switching Current 

»s 

- 

175 

500 

MAdc 

‘Switching Voltage Differential 

|V S 1-V S2 I 

- 

0.3 

0.5 

Vdc 

Holding Current 

'H 

- 

0.7 

1.5 

mAdc 

‘Off-State Blocking Current 
(V F = 5.0 Vdc, T A = 25°C) 

*B 


0.08 

1.0 

MAdc 

(Vp = 5.0 Vdc, T A = 100°C) 


- 

6.0 

10 


‘Forward On-State Voltage 
(Ip = 200 mAdc) 

v F 

- 

1.4 

1.7 

Vdc 

Peak Output Voltage (C c = 0.1 ijlF, Rl = 20 ohms, (Figure 7) 

Vo 

3.5 

4.8 

- 

Vdc 

Turn-On Time (Figure 8) 

l on 

- 

1.0 

- 

MS 

Turn-Off Time (Figure 9) 

toff 

- 

30 

- 

MS 

Temperature Coefficient of Switching Voltage 

T C 

- 


- 

%/°c 

‘Switching Current Differential 

l'S2- 'SI 1 

- 

- 

100 

MAdc 


'Indicates JE DEC Registered Data 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 - SWITCHING VOLTAGE versus TEMPERATURE 



FIGURE 2 - SWITCHING CURRENT versus TEMPERATURE 
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T A , AMBIENT TEMPERATURE (°C) 


2-888 



























































2N4993 (continued) 


FIGURE 3 - HOLDING CURRENT versus TEMPERATURE 
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Vi 
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FIGURE 4 - OFF-STATE BLOCKING CURRENT 
versus TEMPERATURE 



Ta,AMBIEI\ITTEMPERATURE(°C) 
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FIGURE 5- ON-STATE VOLTAGE versus FORWARD CURRENT FIGURE 6 - PEAK OUTPUT VOLTAGE (FUNCTIONOF R L AND C c 







V F, FORWARD ON-STATE VOLTAGE (VOLTS) 


C c , CHARGING CAPACITANCE (mF) 


FIGURE 7 - PEAK OUTPUT VOLTAGE TEST CIRCUIT 







2N4993 (continued) 


FIGURE 8 - TURN-ON TIME TEST CIRCUIT 


MERCURY RELAY 




Turn-on timeismeasuredfromthetime Vs is achieved to the time when the anode voltage drops to within 90% of the difference between Vs and Vp. 


FIGURE 9 - TURN-OFF TIME TEST CIRCUIT 




With the SBS in conduction and the relay contacts open, close the contacts to cause anode A2 to be driven negative. Decrease C until the SBS 
just remains off when anode A2 becomes positive. The turn-off time, t Q ff, is the time from initial contact closure and until anode A2 voltage 
reaches zero volts. 


FIGURE 10 - DEVICE EQUIVALENT CIRCUIT, CHARACTERISTICS AND SYMBOLS 




EQUIVALENT CIRCUIT 




